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Abstract 
Social science has long studied the relationships between processes of family formation and health, 
although empirical patterns in this domain of study are often variable, and their interpretation 
uncertain. Constrained by lack of suitable data, analytic techniques, and conceptual tools, work in 
this area has until recently been largely static, focussed on documenting and interpreting cross-
sectional associations between occupancy of family roles and health. However, as data and 
methodology matured and developed economies continued their transition away from the once 
dominant ‘male breadwinner’ model of the family, more sophisticated approaches that acknowledge 
the dynamic relationships between family formation and health have become both more feasible 
and more urgent.  
This thesis applies a life course approach to the study of family formation and health in the 
Australian context. The sociological life course tradition highlights the importance of timing, 
context, and interdependence between multiple role trajectories, while the parallel epidemiological 
tradition emphasises accumulation of risk and later-life consequences of bodily insults experienced 
much earlier. Although previous Australian research has investigated associations between family 
roles and health status, in doing so it has mostly failed to incorporate the insights of life course 
theory, and there is consequently broad scope for life course research to add new insights.  
Data for the research are drawn from the Household Income and Labour Dynamics in Australia 
(HILDA) study (2001-2014), and form the primary material for four empirical chapters. The first 
empirical chapter utilizes multichannel sequence analysis and growth models to investigate how 
holistic patterns of family formation (incorporating both partnership and fertility trajectories from 
ages 18-50) are associated with trajectories of physical health at ages 51 and older. For men, family 
life course trajectories characterized by early family formation, failure to marry, or early divorce 
without subsequent remarriage are found to be predictive of poorer health outcomes, while for 
women only those who experienced high fertility paired with a disrupted marital history were found 
to be in poorer health than those who experienced a normatively ‘standard’ family life course.  
The second, third, and fourth empirical chapters focus on different aspects of the relationship 
between parental age at first birth and later life heath. The first of these contextualizes changes in 
first birth timing in historical context, presents a descriptive analysis of the characteristics of 
younger/older first time mothers and fathers, and uses multinomial logistic regression to assess the 
contribution of early-life family and socio-economic disadvantage, health, and cognitive and non-
cognitive skills to first birth timing. Consistent with prior research, background family disadvantage 
and age at school leaving was found to have strong effects on birth timing, in particular for women. 
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There was also some evidence of health selection into early first birth, with the largest effects again 
found for women.  
The third empirical chapter considers the effect of first birth timing on long-term health outcomes 
(ages 41 and older). In addition to the primary issue of whether there is an effect of birth timing on 
health, the analysis pays particular attention to several research questions: first, which pre-
parenthood factors confound the relationship between birth timing and health? Second, is first birth 
timing consequential for processes of cumulative advantage in health? Third, what mid-life factors 
mediate the relationship between first birth timing and health? Fourth, does the strength of the effect 
of first birth timing depend on early-life disadvantage, education, marital history, parity, or birth 
cohort? Results indicate persistent positive effects of older first birth timing for both men and 
women, which are partially mediated by mid-life socio-economic status. For women, the magnitude 
of the effect increases over time, indicating cumulative advantage, although the analysis suggests 
that this may not be attributable to birth timing per se. Only scant evidence is found that the 
relationship depends on other factors, as only remaining never married alters the effect of birth 
timing for women.  
The final empirical chapter investigates short term changes across the parenthood transition at 
different ages, aiming to identify potential mechanisms for the long-run health effects of birth 
timing. Potential mechanisms considered included health-related behavioural changes (alcohol 
consumption and physical activity) and indicators of socio-economic hardship. Results indicated no 
support for health-related behaviour change or change in the likelihood of socio-economic hardship 
as mechanisms, as changes at the time of the parenthood transition and in the years thereafter did 
not differ depending on age at first birth. Younger parents do experience potentially harmful 
changes in alcohol use and socio-economic hardship before parenthood, suggesting that these 
factors may be part of the reason why young parents tend to be in poorer health in later life, 
however it is unlikely that alcohol use or socio-economic hardship form part of a causal pathway 
from fertility timing to later-life health status.  
Implications for the broader literature and directions for future research are discussed in the final 
chapter.  
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Chapter 1: Introduction 
1.1 Introduction 
The study of ‘family’ in relation to health has a long history in social science, dating back at least to 
Durkheim’s (1952) foundational analysis of suicide, in which he observes that married individuals 
are less likely to commit suicide than the unmarried, and interprets this to mean that marriage 
provides a protective form of social integration. Since then, questions of how family roles may 
affect health have remained a persistent feature of the sociological milieu. Bernard (1976) for 
instance, famously argued that the stultifying expectations placed upon women within marriage 
would lead to negative health outcomes for women, while simultaneously enhancing the well-being 
of their husbands. More sanguine perspectives often stress family roles as a source of positive social 
integration, mutual emotional and instrumental support, or the pooling of resources within families 
(e.g. Berkman & Syme 1979; Umberson 1987; Waite & Gallagher 2001). Unfortunately, results 
have often been contradictory or unclear. Undoubtedly, a major cause of this collective failure to 
achieve meaningful consensus is the longstanding overreliance on cross-sectional data and static 
theory, when – properly conceived – the processes linking family formation to health status are 
almost certainly highly dynamic. In this context, the emergence and growing popularity of life 
course theory represents an important and encouraging development.  
‘Life course’ approaches have come to represent core research agendas within a variety of 
disciplines, including sociology (Elder & Giele 2009; Heinz, Huinink & Weymann 2009; Marshall 
& Mueller 2003), psychology (Baltes 1987), criminology (Sampson & Laub 1992), medicine 
(Barker 1998; Godfrey & Barker 2000), and epidemiology (Kuh & Ben-Shlomo 2004; Lynch & 
Smith 2005). Typically, life course research is differentiated from other approaches by a joint focus 
on what Mills (1959) described as ‘biographical time’ and ‘historical time’. The concept of 
‘biographical time’ chronicles the passage of individuals from conception through death, capturing 
the changes, events and roles which make up part of the individual’s life. ‘Historical time’, by 
contrast, indexes the changing social and historical context in which individual lives are played out, 
including for instance technological development, changing labour markets, or war. Life course 
theory also highlights the importance of viewing events and transitions within the context of 
multiple dependencies: across social domains such as work and family, and between interrelated 
actors such as husbands and wives, or parents and children (Elder & Giele 2009; Macmillan & 
Copher 2005). Drawing these concepts together, life course research aims to understand the 
reciprocal relationships between change and development of individual lives within structural 
constraints.  
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Health focussed researchers have increasingly sought to apply life course models to understand the 
well-established observation that health outcomes are socially patterned (Kuh & Ben-Shlomo 2004; 
Smith 2003; Lynch & Smith 2005; Blane 2006). Scholars working in this area have demonstrated 
that socially patterned risk exposures throughout the life course contribute to the likelihood of 
experiencing ill health in mid or old age (Blane 2006; Smith 2003; Turrell et al. 2002; Turrell et al. 
2007). In large part, this research has centred on socio-economic status (SES) as the key social 
factor in predicting health outcomes. Increasingly, however, the life course paradigm has also been 
deployed to understand the ways in which family life course trajectories – patterns of partnership 
and parenting over long spans of the life course – are tied up with health (e.g. Dupre, Beck & 
Meadows 2009; Lacey et al. 2016).  
This thesis addresses the relationships between family roles and health in Australia from a life 
course perspective. Although a small body of Australian research has investigated the impact of 
family roles on health (e.g. Hewitt et al. 2006), the work presented here represents one of the first to 
do so using a life course framework. Within the broad remit of the life course approach, two 
primary empirical foci are pursued. First, one strand of work (presented in chapter 4) addresses the 
relationship between holistic patterns of family formation over the adult life course and later-life 
physical health. This complements a growing number of studies seeking to understand how life 
course pathways as wholes – rather than disaggregated into component indicators – are linked to 
long-term socio-economic (Halpern-Manners et al. 2015) and health (Sabbath et al. 2015; McMunn 
et al. 2015) outcomes. Second, three empirical chapters focus on the relationship between age at 
first birth and long-run health, which represents one of the best established and most consistent 
associations between family and health (e.g. Mirowsky 2005). Consistent with the life course 
approach, the empirical chapters focus on the relationship over three life stages: pre-parenthood 
(background factors affecting selection into fertility timing), mid- to later-life (41 years and older; 
the long-run effect of fertility timing on health), and across the parenthood transition (changes in 
potential mechanisms that might account for any long-run effect).  
In the following section I briefly review the changing historical context in developed nations since 
the Second World War, paying particular attention to the Australian case, and suggest that the 
insights of life course theory have increased in importance as a consequence of these developments. 
Subsequently, a brief review of previous Australian empirical work on the relationships between 
family and health is provided, before the chapter concludes by outlining the structure of the thesis.  
 
 
3 
1.2 Historical context: change and heterogeneity in families  
The life course approach is potentially applicable to the study of any era. However, there is also a 
sense in which life course theory’s focus on change and complexity in individual lives has gained 
special urgency in contemporary developed economies. One part of this is methodological: as panel 
and cohort studies have matured, and appropriate statistical techniques to analyse that data have 
been developed, life course research questions are increasingly imaginable and feasible for 
quantitative researchers. More fundamentally though, the societies under study have undergone a 
series of radical changes – becoming more fluid and heterogeneous – that render static approaches 
inadequate to understand the contemporary social environment.  
In the aftermath of the Second World War, the cultural landscape in Australia and other developed 
economies was dominated by a hegemonic family form, the ‘male breadwinner’ model (Compton 
1999). In the male breadwinner model, individuals’ multiple role trajectories – as parent, partner, or 
employee – are tightly bound together, so that status within one social domain is largely implied by 
status within the others. Normative family formation patterns for both sexes consisted of marriage 
followed by parenthood in the early- to mid-twenties. Fertility rates were high relative to 
contemporary developed economies, non-marital childbearing was rare and heavily stigmatized, and 
divorce was difficult (requiring proof of one party’s misconduct). Economically, men could expect 
to work full time in a stable occupation. Women, on the other hand, worked primarily before 
marriage, and would later exit the labour force to take responsibility for managing the household 
and caring for children. In some cases, this was legally institutionalized, as in the prohibition of 
married women’s employment in the public service (which continued in Australia until 1966). At 
the macro-level, these processes were embedded within largely industrial economies (supplied with 
workers by education systems in which most students left before the end of secondary school), 
characterized by near full employment for men and consistent strong economic growth.  
The subsequent seventy years have witnessed the progressive breakdown of these institutional 
arrangements, and for individuals the decline of accompanying certainties in their life course 
trajectories. Economically, developed societies have changed from primarily industrial to primarily 
post-industrial modes of production (Bell 1974; Esping-Andersen 1998). Accompanying this 
change, successive cohorts have remained in education longer. In Australia, 47.2% of the 
population aged 25-64 had completed less than upper secondary education in 1993, with this figure 
declining steadily to 21% by 2015 (Organization for Economic Co-operation and Development 
(OECD) 2017). Over the same period, the percentage of working-age Australians with upper 
secondary increased slightly from 30.4% to 36.1%, while the tertiary-educated segment of the 
population nearly doubled from 22.5% to 42.9%. In contrast to post-war industrial economies, post-
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industrial economies display increased rates of unemployment, part-time employment, and job 
switching.  
Over this period, the shape of gender relations and women’s position in the labour market has 
undergone a parallel revolution. Increasingly, women have remained in education for longer 
(reversing the earlier tertiary education gap in favour of men), moved into occupations that were 
previously male dominated, and chosen to remain in the labour force for longer stretches of the life 
course (Compton 1999). Reflecting these changes, the labour force participation rate of Australian 
women increased from 43.4% in 1978 to 59.2% in 2017 (while men’s declined from 80.1% to 
70.7%). Women also commanded wages that were more similar to men, with the gender wage gap 
(defined as a percentage of median male full-time earnings) falling from 20.8% in 1975 to 15.4% in 
20141 (OECD 2017). Women’s family roles have also been (partially) decoupled from their labour 
force status, with increasing numbers of mothers opting to continue in paid employment – Baxter 
(2013) reports that (of those with children under 15) only 42% of Australian mothers were in paid 
employment in 1981, but that by 2011 this rate had increased substantially to 66%. Overall, 
although Australia is far from achieving full gender equality, there have been major changes in the 
way women participate in the labour market over the life course, and women occupy a much 
stronger and enduring position within the labour market.  
The post-war transformation of developed societies also brings with it a bundle of demographic 
changes, often collectively labelled the ‘second demographic transition’ (Lesthaege 2010; Sobotka 
2008; van de Kaa 1987). With respect to partnership, the second demographic transition is 
characterized by later and lower rates of marriage, increased prevalence and acceptance of 
cohabitation as an alternative or precursor to marriage, and increased rates of divorce. Improved and 
more accessible contraception, partnership changes, and women’s increasing attachment to the 
labour force has also created large changes in fertility patterns: across many developed societies 
(including Australia) fertility occurs later in the life course, overall fertility is lower, and birth and 
parenting take place outside of marriage to a much greater degree.  
The demographic history of these trends in Australia closely parallels that of developed nations as a 
whole. For instance, Carmichael (2013; 2014) documents the history of non-marital births in 
Australia, finding that the proportion of non-marital births was steady at approximately five percent 
from the early-twentieth century through to the early sixties, before commencing a steady rise to sit 
                                                 
1 Historically, Australia appears as quite egalitarian on this indicator – for instance in 1975 the gender wage gaps in the 
US (37.6%) and UK (39.9%) were close to twice as large as in Australia, with Sweden only performing marginally 
better at 18.3%. Recently however, progress has been slow in this regard, and Australia is now placed in the middle of 
OECD countries.  
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around one third by 20082. At the same time, the total fertility rate3, after increasing sharply in the 
wake of the Second World War, declined from a high of 3.5 babies per woman in 1961 to 1.8 in 
2014 (slightly above the OECD average of 1.7) (Australian Bureau of Statistics (ABS) 2011; OECD 
2017). Declines in fertility (as measured by age-specific fertility rates) have been particularly sharp 
among younger women4, and from the 1980s on have been partially compensated by smaller 
increases in the frequency of births to older mothers, with the net effect that age at first parenthood 
has increased substantially (ABS 2011; Australian Institute of Family Studies (AIFS) 2017).  
With respect to partnership too, the Australian story is familiar: crude marriage rates initially 
declined after the Second World War before rising to a peak of 9.3 marriages (per 1000 population) 
in 1970, and falling steadily thereafter to a low of 5.1 in 2013 (AIFS 2017). Median age at first 
marriage follows this pattern closely, reaching a low of 20.9 for women and 23.3 for men in 1974, 
and then climbing to 28.3/29.9 for women and men respectively by 2013. Cohabitation before 
marriage grew from a relatively rare event in 1975 (less than one in five marriages) to a normative 
one (nearly eighty percent) in the current day. Finally, divorce has also become much more 
common. Following the introduction of no-fault divorce laws in 1975 (where 12 months separation 
is sufficient to demonstrate breakdown of the relationship and provides grounds for divorce) 
divorce rates increased sharply for a brief period (from around 1 per 1000 population to 4.6 in 
1976), followed by stabilization between 2.2-2.8 thereafter.  
Interpretations of the changing shape of modern societies are plentiful, with many theorists arguing 
that individuals are increasingly responsible for crafting their own biographies (e.g. Beck & Beck-
Gernsheim 2002; Giddens 1991). If these arguments are correct, and the family life course is now 
more achievement than taken-for-granted series of life transitions, then this suggests that the family 
life course may itself become more heavily stratified. Indeed, there is some evidence that this is the 
case. For example, Sweeney (2002) shows that women’s earnings became increasingly important 
for their marriage prospects between early- and late-baby boom cohorts in the US. McLanahan 
(2004) also summarizes a great deal of evidence regarding cohort changes in the relationships 
between education and achieved family outcomes. The evidence she reviews shows increasing 
educational gaps in fertility timing, the probability of divorce, single motherhood, and maternal 
                                                 
2 The proportion of non-marital births is strongly (and increasingly) stratified by maternal age, as by 2008 the 
proportion of unmarried births reached 95% among teenage mothers, two-thirds among mothers aged 20-24, and 
between 20-30% for older mothers (Carmichael 2013).  
3 As per standard definitions, the total fertility rate reflects the number of children per woman who would be born if all 
women survive throughout their childbearing ages, and current age-specific fertility rates were to remain constant. In 
the current case, it is calculated using fertility within five-year age ranges.  
4 Peak fertility rates for women aged 20-24 and 25-29 occurred in 1960, when there were approximately 220 births for 
every 1000 women in these age groups. Relative to this high point, birth rates for women in their twenties have declined 
(as of 2012) by just under 80% in the 20-24 group (to 53) and slightly more than 50% in the 25-29 group (to 103).  
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employment. Furthermore, family may itself be more important for health, as several studies 
indicate that the survival premium for marriage is widening (Jaffe et al. 2007; Murphy, Grundy & 
Kalogirou 2007; Valkonen, Martikainen & Blomgren 2004). Similarly, Evans, Kelly and Wanner 
(2001, 2009) investigate cohort change in the effects of parental divorce, finding that the 
educational penalty for children has increased in more recent cohorts.  
The product of all these changes is that the life course pathways of Australian men and women are 
now more complex, diverse, and (potentially) stratified than at any stage in the past century, as is 
also the case in other developed economies. Occupancy of core roles – spouse, parent, or employee 
– have been partially separated from one another, and may consequently appear in many different 
configurations. With respect to timing, entry to these roles has been delayed (or in the case of 
traditional family roles, may never occur) and occurs across a wider spectrum of ages (Billari & 
Liefbroer 2010; Sweeney 2016). Clearly, research must move beyond static theory and analysis 
(‘does marriage improve health?’) to more dynamic accounts of the interrelationships between 
family, health, and broader disadvantage over time. Internationally, this work has progressed 
substantially over the past decade. Umberson, Pudrovska and Reczek (2010: 614) note that ‘a theme 
of the 2000s is that parenthood, per se, does not predict well-being in a systematic way’, and that 
the focus of research should be on when and under what circumstances parenthood is important. In 
the Australian context though, only a few studies have begun to address health inequalities in a life 
course framework, and there is consequently considerable work to be done.  
1.3 Family and health: what is known about the Australian context?  
As noted previously, the group of Australian studies linking family and health remains limited, 
being primarily cross-sectional or focussed only on short term change. de Vaus (2002), using data 
from a 1997 study of the Australian population, reports that marriage is associated with lower 
probability of mental disorders for men and women, while no association with parenthood is found. 
Two studies also investigate how multiple roles are linked to various aspects of health. Lee and 
Powers (2002) use the first wave of a multiple cohort study of Australian women’s health to explore 
the health effects of occupancy of five roles (worker, partner, mother, student, and caregiver). They 
find that among younger women, occupancy of either zero roles or many roles is associated with 
slightly poorer physical health, more roles are linked to better health for mid-aged women, and 
number of roles is not associated with older women’s physical health after adjustment for 
background factors. The differences in their results for young and mid-aged women suggests that 
the timing of role-entry may be important, although this is not examined explicitly. Hewitt et al. 
(2006) also investigate partnership, parenthood, and employment roles in relation to self-rated 
health using data from a separate cohort study, extending Lee and Powers (2002) work by including 
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both men and women in their analyses. Among men, their analyses show negative associations with 
self-rated health for those with a child aged less than five years present in the household and those 
who were unemployed. Stronger effects emerged for women. Relative to legally married women, 
the previously married (and in some model specifications those in a de facto relationship) were in 
poorer health, unemployment and part-time employment was linked to poorer health, while having 
a young child was linked to better health, particularly for women in full-time employment.  
Several studies address short-term changes in health (or health-related behaviour) over family life 
course transitions. These studies find that the transition to motherhood is linked to reductions in 
mental well-being and physical activity, a broadly unhealthy suite of dietary changes, and a 
temporary reduction in smoking (Brown & Trost 2003; Elstgeest, Mishra & Dobson 2012; Lee & 
Gramotnev 2007; McDermott, Dobson & Owen 2006; Perales, del Pozo-Cruz & del Pozo-Cruz 
2015). Perales, del Pozo-Cruz and del Pozo-Cruz (2015) report that transition to fatherhood is also 
linked to a decrease in frequency of moderate to vigorous physical activity. Marriage on the other 
hand is linked to decreases in stress and physical activity, and improvements in mental well-being 
for women (Bell & Lee 2008; Brown & Trost 2003; Lee & Gramotnev 2007). Bell and Lee (2006) 
report also that early or ‘out of order’ life course transitions (such as a first birth before finishing 
full time education or marrying) during women’s early life course (up to age 27) are associated with 
higher levels of smoking. Last, two studies addressed changes in health over the divorce transition 
(Hewitt & Turrell 2011; Hewitt, Turrell & Giskes 2012). These studies found declines in mental 
health for both sexes upon divorce or widowhood, and smaller negative effects on physical health 
for men. Women, however showed better physical health after separation.  
Finally, very few studies have considered potential long-term health effects of family formation on 
health. Gray et al. (2011) investigate long-term consequences of divorce for the well-being of older 
Australians, finding that divorce is linked to widespread negative outcomes for both men and 
women, although it is primarily those who do not remarry that are affected. Specifically, they report 
that women who divorce but do not subsequently remarry have worse scores on perceived social 
support, general health, mental health, and vitality, whereas for men only social support is reduced. 
Recent work by Aitken et al. (2016) considers how timing of motherhood is related to later-life 
mental health, and investigate whether the effects may differ by birth cohort. Their results indicate 
that early motherhood increases the risk of poor mental health, with inconclusive evidence that the 
effect may be larger for more recent cohorts.  
In sum, prior research on the link between family and health in Australia has used a variety of 
research methods, but remains broadly underdeveloped relative to international literature on the 
topic. Perhaps the strongest area of work concerns behavioural changes across family transitions. 
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This work tends to show a mixed bag of positive and negative changes for both marriage and 
parenthood transitions, while the available evidence supports broadly negative effects of divorce 
and separation. Studies focussed specifically on long-term effects on health indicate negative effects 
of divorce and (for women) first birth timing. With respect to the empirical foci of this thesis, no 
Australian study has (to the Author’s knowledge) addressed consequences of first birth timing for 
long-run physical health or considered how holistic family pathways may influence health.  
1.4 Contribution 
As evidenced by the preceding discussion, and the expanding body of innovative studies of health 
inequality within the life course paradigm, there is a strong need for life course approaches to 
further investigate the long-term relationship between family and health. Responding to this need, 
this thesis makes a number of both methodological and substantive contributions. Substantively, the 
life course approach adopted in the thesis necessitates a long-term perspective on the intertwined 
social and biological processes that produce observed links between family roles and health 
outcomes. Each of the chapters responds to this imperative in distinct fashion. The first empirical 
chapter (chapter 4) builds on Macmillan and Copher’s (2005) observation that individual life 
courses are structured both across social domains – into ‘role configurations’ – and longitudinally 
into ‘pathways’, which they define (p859) as ‘interlocked trajectories of social roles, including 
education, work, family, and residence’. In tandem with the life course epidemiological concept of 
‘accumulation of risk’ (Kuh et al. 2003), this suggests that it may be important to consider long run 
‘family life course trajectories, incorporating multiple roles over the adult life course. The resulting 
analysis considers the relationships between histories of family formation over many years and later 
life physical health, one of only a small number of studies internationally to do so, and the only 
Australian study of its’ kind.  
The following three chapters present a life course approach to a particular empirical puzzle – the 
widely documented positive relationship between age at the time of becoming a parent and long-
term physical health. In keeping with the principles of life course theory, each chapter addresses the 
overall problem within a different life stage. Focussing on family background and the early 
adulthood life stage, chapter 5 presents an analysis (primarily descriptive) of how background 
factors and personal characteristics contribute to selection into earlier or later first birth timing. 
Chapter 6 turns to mid-life, and direct modelling of the long-term association between first birth 
timing and physical health. It offers several contributions to the broader literature. First, most 
previous studies of the relationship between age at first birth and health only assess health at a 
single point in time, however if a poorly timed transition to parenthood contributes to more general 
‘cumulative advantage’ processes, it may also create differential change in physical health over time 
9 
(a conjecture that is supported by Read, Grundy and Wolf’s (2011) analysis). The analysis uses 
random coefficient growth modelling, and is therefore able to present some of the first evidence 
about the effect of first birth timing on rate of change in health. Second, in comparison to previous 
studies, the analysis is able to adjust for a richer set of potential confounders, including cognitive 
and non-cognitive skills, thereby strengthening confidence in the results. The final empirical chapter 
focusses back on the years surrounding the parenthood transition, in order to investigate several 
potential mechanisms for a positive effect of fertility postponement on health, including health 
behaviours and financial hardship.  
Methodologically, the thesis makes several contributions. The analysis presented in the fourth 
chapter is one of the first to use sequence analysis to assess the contribution of holistic life course 
pathways to health (for similar recent publications see Lacey et al. 2015; McMunn et al. 2015; 
Sabbath et al. 2016), and although other recent work also uses this method there are still a number 
of distinct contributions – in particular it is the only work to address functional health in relation to 
the family life course. It is also the only study using the sequence analysis methodology to 
incorporate number of children, rather than simply the parent/non-parent dichotomy, in the 
construction of the sequences. As parity is generally acknowledged as an independent risk-factor for 
various health outcomes, this represents a potentially important contribution.   
1.5 Thesis structure 
Chapter 2 reviews the life course conceptual framework in greater detail, focussing on sociological 
and epidemiological variants, while touching on other relevant conceptual issues.  
Chapter 3 introduces the data used in the thesis, including sampling, data collection processes, 
measurement, missing data imputation, and scale construction. It also provides an overview and 
discussion of the different analytic techniques employed throughout the thesis, including sequence 
analysis, growth modelling, and inverse probability of treatment weighting.   
Chapter 4 is the first empirical chapter of the thesis. Using multichannel sequence analysis and 
growth modelling, it investigates how a holistic classification of family life course trajectories over 
early- to mid-stages of the adult life course (ages 18-50) is associated with physical health status in 
mid- to later-life (ages 51 and older). The application of multichannel sequence analysis allows the 
analysis to incorporate both marital and fertility histories in a joint classification, and represents one 
of the first instances where this kind of analysis has been applied to the relationship between family 
formation and health outcomes  
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Chapter 5 is the first of the series investigating the place of first birth timing in stratifying life 
course health outcomes. It first contextualizes the changing place of first birth timing over the 
second half of the twentieth century, showing that the distribution of ages at first birth grew more 
dispersed for birth cohorts from 1930-1973, became more strongly linked to educational attainment 
(in particular university education), and that early first births changed from being an almost entirely 
marital to primarily extra-marital event (consistent with Carmichael’s (2014) analysis). A 
descriptive analysis of the associations between various pre-parenthood factors and age at first birth 
is then presented as a precursor to a multinomial logistic regression analysis of how these factors 
contribute to first birth timing.  
Chapter 6 builds on chapter 5 by analysing the effects of first birth timing on later life health for 
Australian women and men. The analytical strategy for the chapter involves fitting a series of 
growth models, allowing individuals’ level and rate of change in physical health to depend upon 
first birth timing and a variable set of pre-parenthood and mid-life factors. The analysis focusses on 
a series of research questions within the overall topic. These include which pre-parenthood factors 
are likely to confound the long term effects of first birth timing on health, whether mid-life factors 
(including socio-economic position, completed fertility history, health-related behaviours, or social 
relationships) may mediate the effects, whether the strength of the relationships between fertility 
timing and health is moderated by other factors, and whether fertility timing also contributes to 
‘cumulative advantage’ processes in health inequality.  
Chapter 7 examines changes in potential mechanisms (including health-related behaviour and socio-
economic hardships) across the parenthood transition. Using an inverse probability of treatment 
weighting strategy to balance background characteristics for different age at first birth groups, in 
conjunction with fixed-effects models for panel data, the analysis finds little evidence that health-
related behavioural changes or experience of financial hardship at the time of the parenthood 
transition, or in the years thereafter, favour older first time parents. ‘Early’ first time parents do 
however experience potentially deleterious changes in alcohol use and their financial situation 
before parenthood.  
Chapter 8 summarizes the findings of the thesis, ties the work to the broader literature, and offers 
directions for future research.  
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Chapter 2: The Long View: Life Course Approaches to Family Formation 
and Health Inequalities 
2.1 Introduction 
The core objectives of sociology – the production of knowledge pertaining to the social 
processes that produce many forms of inequality and disadvantage, and potential 
interventions to ameliorate their effects – has changed little. However, the increasing 
complexity and dynamism of contemporary developed societies, accompanied by the 
progressive refinement of theoretical and methodological tools, means that there is now both 
an urgent need for, and capacity to deliver, more sophisticated approaches to the sources and 
solutions of disadvantage. Life course theory (Elder 1985; Elder & Giele 2009; Kuh & Ben-
Shlomo 2004; Lynch & Smith 2005) represents one of the most important and well-defined 
responses to these problems, providing the intellectual grounding for a large body of exciting 
empirical scholarship over the past twenty years.  
As noted in the previous chapter, life course approaches have gained popularity across 
several disciplines, and as a result there exist several distinct variants aimed at addressing the 
substantive issues of concern within each area. However, while there are differences of 
emphasis and approach, there are also many commonalities. Perhaps the most important 
unifying characteristic of life course theory across disciplines is the overarching commitment 
to taking the ‘long view’ – recognizing that the present realities of the phenomena under 
study may reflect events and circumstances that are temporally far removed. Relatedly, life 
course theory recognizes that human lives unfold through both ‘biographical’ time – which 
indexes the cycles of individual development and ageing – and ‘historical’ time, which 
similarly captures the changing shape of human societies (Elder & Giele 2009; Mills 1952). 
This chapter reviews sociological and epidemiological versions of the life course framework, 
and discusses their application to the empirical problems of how processes of family 
formation may contribute to health inequalities.  
2.2 The life course framework 
In their account of the sociological approach to life course theory Elder & Giele (2009) 
identify four key aspects – context, linked lives, agency, and timing – that they collectively 
label the ‘fourfold paradigm’. Although not strictly unique to the life course approach, these 
principles serve to draw attention to issues and ways of thinking about social development 
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that collectively make life course research distinctive. Reflecting the focus on dynamic 
development, life course theory also provides important concepts for thinking about 
stratification processes over time – ‘cumulative advantage’ and ‘stress proliferation’ being 
the most prominent. This section discusses these concepts, in addition to several other key 
terms from the life course vocabulary, beginning with the basic conceptual elements of the 
life course vocabulary.    
2.2.1 Building blocks of the life course: life stage, transition, and trajectory 
Life stages are perhaps the most basic and widely researched component of the life course. 
The term ‘life stage’ refers to a discrete period of an individual’s life (such as adolescence, 
marriage, or retirement), which is commonly age-framed and associated with particular roles 
and responsibilities. A ‘transition’ is a change from one life stage to another, such as the 
change from ‘engaged’ to ‘married’ (George 1993). In a life course framework, transitions 
commonly represent important events in peoples’ lives, and are accompanied by changing 
expectations and behaviour.  
A ‘trajectory’ is an individual’s long-run developmental process within a particular status 
domain. For instance, we might define ‘marital status trajectories’ (Meadows et al. 2008) as 
the temporally-specified sequence of marital statuses held by an individual over their life 
course. Note that the purpose of defining trajectories as ‘individual’ is primarily to 
differentiate the term from the similar concept of trend, which denotes a historical shift in 
some aggregate measure such as unemployment or life expectancy. George (2009) further 
divides trajectories into transition-based and level-based trajectories, corresponding to 
changes in discrete or continuous characteristics respectively. ‘Marital status trajectories’ as 
defined above are an example of a transition-based trajectory, where individuals transition 
between different discrete life stages. As an example of a level-based trajectory, consider 
weight, which (dependant on measurement) may fluctuate smoothly over time.  
While trajectories in practice tend to be defined in terms of a single variable, this seems to 
reflect analytical convenience more than necessity. In many cases, changes in one status are 
closely linked to changes in another status (empirically or theoretically), or might 
alternatively be viewed as aspects of the same larger status domain trajectory. So, in place of 
separate trajectories for cholesterol, blood pressure, and atherosclerosis, we might substitute a 
trajectory for heart disease risk. Such multiple-status trajectories are likely to offer both 
advantages and disadvantages relative to single-status trajectories. First, multiple-status 
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trajectories offer a summary classification of particular types of common developmental 
trajectories across a larger conceptual space. This may be important for understanding how 
broader developmental patterns are consequential for some other outcome of interest, such as 
a diagnosis of heart disease in the above example. This advantage is likely to be particularly 
important in cases where the causal effects of the different aspects of the component 
trajectories are heavily dependent on one another. The principal downside of composite 
trajectories is that they may equally obscure relationships where the consequential factor is in 
fact solely one of the sub-components. Ultimately, both single-variable and composite 
trajectories will offer analytical advantages in different cases.  
The ‘life course’ for any individual can be seen as a bundle of related trajectories; family, 
health, work, education, housing, criminal activity, along with however many more we may 
wish to define practically. Developments in each of these status domains may be 
consequential for change in the others, leading to cross-domain flow on effects.  
2.2.2 Context 
The principle of ‘context’ draws attention to the diverse historical and geographical 
circumstances that individual lives play out in (Elder & Giele 2009). For instance, war, 
technological developments, or cultural shifts can all fundamentally alter the experience of 
growing up and family formation. Context encompasses both ‘cohort’ and ‘period’ effects in 
the traditional sense, but also cases in which the experience of some more micro-level event 
depends on the broader circumstances. For example, Raymo et al. (2015) document a 
widespread trend towards increased educational differences in the probability of experiencing 
an early first birth.  
2.2.3 ‘Linked lives’ 
A key facet of life course approaches is the concept of ‘linked lives’, which describes the 
embeddedness of individual life courses in social networks (Elder & Giele 2009; Moen & 
Hernandez 2009). Stating that individual life courses are ‘linked’ entails the recognition that 
individual development does not occur in a vacuum, but rather in parallel with the 
development of significant others such as partners, children, parents, and friends. These 
enduring ties can profoundly shape the actions and development of groups of linked 
individuals (which Moen and Hernandez (2009) refers to as ‘social convoys’) in a number of 
ways. Of particular importance is the coordination of action between linked individuals in 
order to achieve collective goals or to account for collective challenges. Further, individuals 
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are likely to share resources through these close networks, and the quality and availability of 
resources in the network may have significant consequences. For example, grandparents may 
or may not be available to assist with care of their grandchildren, dependant at least in part on 
the timing of the births. If the births are too early the grandparents are likely to be constrained 
by work requirements; too late and declining health may limit their ability to provide 
childcare.  
2.2.4 Agency 
Individual actors manage and plan their behaviour, circumstances, and the unfolding of their 
lives, an observation that the concept of ‘agency’ denotes. Beyond a vague sense of ‘free 
will’, there have been several attempts to specify more concretely what agency is and 
disaggregate it into subtypes that are more useful for analysis (Emirbayer & Mische 1998; 
Hitlin & Elder 2007). For the following discussion, I draw primarily on Hitlin and Elder 
(2007), as the vocabulary they develop is more directly suited to the life course approach, 
although the two treatments share substantial similarities. Four different senses of agency are 
distinguished by Hitlin and Elder (2007). The first and most fundamental sense is termed 
‘existential agency’, and refers to actors’ capacity to perceive and react to the world. 
Existential agency is a constant, in that actors do not have or enact more or less of it, and 
underlies the other three forms of agency. ‘Pragmatic agency’ is the second form of agency, 
and designates the capacity for (and process of) managing novel situations which are not 
governed by clear social conventions. 
The third and fourth senses of agency are perhaps most significant for the theoretical 
framework developed here, and are, respectively, ‘identity agency’ and ‘life course agency’. 
Identity agency, for Hitlin and Elder (2007), refers to the process of ‘role enactment’ or 
‘identity performance’, which requires the deployment of patterns of thought and action 
which are practiced, habitual, and socially defined. Importantly, they note that this form of 
action remains strategic, as actors remain focused on attaining various goals through their 
behaviour. This kind of action is central to the performance of various family (and related 
non-family) roles over the life course.  
The last form of agency, life course agency, relates to the formulation and pursuit of long 
term goals and plans – as for instance in the decision about which (if any) university degree 
to pursue or in reflection on whether or not one desires to have children. Life course agency 
differs from pragmatic and identity agency in that the actors focus is on a comparatively 
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distant temporal horizon. Life course agency overlaps with identity agency, as long term 
goals and plans influence which roles/identities a person acquires over the life course.  
2.2.5 Timing  
Related to transitions is the concept of ‘timing’. In its’ most basic sense, ‘timing’ refers 
simply to the temporal location of a transition in the life course (Elder & Giele 2009). Timing 
may be defined with respect to age, or time relative to some other transition (for example the 
time to find a job after completing a degree). The timing of life course transitions is however 
often surrounded by normative expectations regarding when or in what sequence transitions 
should occur. Transition timing which fails to adhere to these expectations may be regarded 
as off-time (where the transition occurs ‘too early’ or ‘too late’ or out-of-sequence (where the 
transition occurs before another transition which is expected to precede it), and may provoke 
negative social reactions or stress. Off-time or out-of-sequence transitions can also have flow 
on effects on later life course events, for example delayed completion of education delays 
labour market entry, which in turn might reduce life time earnings and increase financial 
stress in retirement.  
2.2.6 Mechanisms of inequality in life course perspective: cumulative (dis)advantage  
A core aspect of life course theory is the description of multiple developmental trajectories 
unfolding in parallel as individuals age, with development in each trajectory dynamically 
affected by development in each of the others (Elder & Giele 2009; Mayer 2009). Closely 
related to this idea is cumulative advantage/disadvantage theory (DiPrete & Eirich 2006; 
O’Rand 1996, 2009; Dannefer 2003). Cumulative advantage theory has intellectual roots 
variously in the seminal work of Merton (1968) on scientific careers and Blau and Duncan 
(1967) on occupational status attainment, and seeks to describe and understand what 
Dannefer (2003) characterises as “the systemic tendency for interindividual divergence in a 
given characteristic ... with the passage of time”. In health research, a cumulative advantage 
perspective has been applied in an attempt to explain increasing health inequalities with 
ageing (e.g. Dupre 2008; Ross & Wu 1996; Ferraro & Kelly-Moore 2003).  
DiPrete and Eirich (2006) identify two broad types of cumulative advantage processes. The 
first, which has its roots in Merton’s (1968) work, they describe as path dependent 
cumulative advantage, which might be best described as ‘compounding’. In this formulation, 
the value of some outcome y at time t is a direct function of earlier values of y; which is to 
say that later advantage is causally dependent on early advantage. Importantly, DiPrete and 
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Eirich (2006) show that the fully specified model typically implies a positive feedback loop 
between the outcome and some other process, meaning that this form of cumulative 
advantage involves dynamic relationships between multiple trajectories, a key aspect of the 
life course approach.  
A feature of path dependent cumulative advantage processes is that early conditions 
(including essentially stochastic events and processes) have long term consequences both for 
the level and the rate of change of the outcome (DiPrete & Eirich 2006; O’Rand 2009). For 
example, if health status affects ability to engage in physical activity, and physical activity 
affects health status, then temporary events that affect either health status or physical activity 
have the potential to produce widening inequalities over time due to the dynamic 
interdependency. This highlights the importance of the ‘timing’ principle, as early shocks will 
tend to have larger long-term effects due to compounding disadvantage.  
The second major cumulative advantage process is what DiPrete & Eirich (2006) refer to as 
‘status dependent cumulative advantage’. ‘Status’ here refers to any fixed characteristic of 
individuals, including for example race and sex, but also achieved statuses such as education, 
which once realised remain at least relatively stable over the life course. Status dependent 
cumulative advantage models seek to provide explanations for life course patterns of 
inequality between status groups on some other outcome (as distinct from path dependent 
cumulative advantage processes, which seek to understand how later advantage on some 
outcome is causally dependent on earlier advantage on the same outcome), and may take 
several distinct forms. First, the ‘cumulative exposure’ form of status dependent cumulative 
advantage specifies that the status has a persistent time-invariant effect on the level of (or 
probability of experiencing) an exposure, which in turn has a persistent cumulative effect on 
some outcome. Over time, this pattern of effects will tend to produce widening gaps between 
different status groups due to differential cumulative exposure. For example, if men 
consistently consume more alcohol than women throughout the life course and lifetime 
alcohol consumption is a risk factor for heart disease, then ceteris paribus we will observe 
increasing sex based differentials for heart disease incidence with increasing age.  
2.2.7 Embodying inequality: accumulation of risk, stress, and critical/sensitive periods 
In order for social stratification to become ‘embodied’ as health stratification, some 
biological process must mediate between social position and health outcomes. The central 
concept in life course epidemiology that describes this process of embodiment during 
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adulthood is ‘accumulation of risk’ (Kuh et al. 2003). Accumulation of risk models posit that 
‘life course exposures or insults gradually accumulate through episodes of illness and injury, 
adverse environmental conditions, and health damaging behaviors’ (Kuh et al. 2003, p. 779). 
Many different exposures may operate in tandem to produce health outcomes, including for 
instance diet (Darnton-Hill, Nishida & James 2004), physical activity (Dodds et al. 2013, 
Hillsdon et al. 2005), alcohol use (Rehm et al. 2009), and smoking (WHO, 2009). The 
subsets of behaviors with proximal biological consequences are ‘health-related behaviors’. 
Stress may also play an important role in the process whereby inequality ‘gets under the skin’ 
(McEwan 2007; Pickett & Wilkinson 2015; Wilkinson & Pickett 2010). A large literature, 
including both human and animal studies, documents pernicious physical health effects of 
chronic stress. These effects may operate through poorer immune function, blood pressure, 
cardiovascular disease risk, or depression (Pickett & Wilkinson 2010). Stress connects to 
inequality broadly because (actual or perceived) negative evaluations of lower-status 
individuals may trigger stress responses, and the experience of negative judgement is likely a 
ubiquitous and persistent aspect of disadvantaged actors’ lives.  
‘Timing’ is also important in a biological sense. In epidemiology, a ‘critical period’ is a point 
in an organism’s development when negative exposures have elevated effects on subsequent 
health, compared to the same negative exposure experienced at a different point in 
development (Barker 1998; Ben-Shlomo & Kuh 2002; Kuh & Ben-Shlomo 2004). Cases 
where the difference in the effect is less pronounced are referred to similarly as ‘sensitive 
periods’. Critical and sensitive periods are important in understanding the long-term effects 
of childhood health on adult disease, and, due to social stratification in the probability of 
experiencing a range of negative exposures in childhood, important in understanding inter-
generational transmission of health inequalities. An important implication of critical and 
sensitive periods is that associations between adult social status and health outcomes may be 
confounded by exposures that took place in childhood or even in utero.  
2.3 Roles and resources: a life course approach to family and health  
The preceding section has discussed key concepts from the sociological and epidemiological 
life course traditions. In this section, the life course framework is discussed more specifically 
in relation to family formation patterns in adulthood and health outcomes. Note that the level 
of generality is still quite broad – discussion of more specific empirical relationships is 
reserved for each empirical chapter. Two broad mechanisms relating ‘family’ to health are 
18 
discussed – resources and role performance. These ideas are staples of family sociology 
generally, but from a life course perspective may also be viewed as dynamically interrelated.  
2.3.1 Resources, capability and disadvantage 
The first conceptual piece in our model of life course disadvantage is an actor’s capability to 
act, or in other words their ability to exercise power over their life circumstances. 
‘Capability’ is a concept which has been developed primarily by Sen (1999), who argues that 
actors’ welfare should be evaluated not by the various realized outcomes per se (termed 
‘functionings’ in Sen’s analysis), but by the set of possible outcomes which they might 
actually attain given the context in which they are situated and the various resources at their 
disposal – the various desirable things which one might ‘do’ or ‘be’, which he terms 
‘capabilities’.  
An actor’s capability, for Sen (1999), depends on the resources which they control. 
Resources, following Sewell’s (1992) very broad definition, are ‘anything that can serve as a 
source of power in social interactions’, including both human (education, ‘cultural capital’, or 
skin colour) and non-human (objects or commodities; e.g. houses, money, food, weapons, 
medicines) resources. Resources are in part specific in the actions which they enable – an 
engineering degree enables one to be an engineer and not much else – but they also have a 
degree of generality, dependent on the breadth of different actions they enable and the extent 
to which they are exchangeable for other resources. So, while the engineering degree may be 
quite specific (although of course there are still choices to be made), the income obtained by 
acting as an engineer is highly general and facilitates a vast array of potential actions, from 
hitchhiking through Nepal to retraining as an acupuncturist. Insofar as resources are general 
in their potential application or exchangeable for other resources, it is then also possible to 
speak of different resource sets as providing ‘more’ or ‘less’ capability.  
The corollary to the observation that particular resource sets enable multiple potential 
behaviors is that particular potential behaviors are enabled by multiple resource sets. Various 
engineers, possessed of distinct resource sets but all wishing to retrain as acupuncturists, may 
accomplish this goal through many distinct strategies – quitting their job and living from 
savings, studying nights and relying on their partners to provide the bulk of childcare, etc. For 
some the actions required to undertake this transition may of course simply exceed their 
capabilities, or be ‘crowded out’ by other actions deemed more important.  
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With respect to health specifically, an important set of parallel arguments has been made in 
the ‘fundamental cause’ literature (Phelan, Link, & Tehranifar 2010). The concept of 
fundamental causality arose out of efforts to understand two seemingly contradictory 
empirical phenomena: on the one hand, there is the durability and ubiquity of associations 
between socio-economic position (which we might take as the clearest single index of 
capability) and health; on the other, the contextual and historical variability in the biological 
pathways which appear to mediate these associations (Phelan, Link, & Tehranifar 2010). 
Social inequality is therefore translated consistently into health inequality, but the way in 
which this occurs is contextually variable – a set of observations which suggests a more 
general ‘mechanism’.  
Advocates of fundamental cause theory argue that this more general mechanism – the 
missing link – is purposive health-seeking action that is enabled by control over resources 
(Phelan, Link, & Tehranifar 2010). Persons who control more resources will be able to better 
able to pursue actions that enhance their health across diverse contexts. In this vein, Smith 
(2003) reviews a wide range of evidence and dismisses the possibility of accounting for 
social inequalities in health through a single biological mechanism (such as stress or diet). He 
writes instead that many different biological agents are associated with social position so that 
‘there will be a reasonably general association between adverse social position and health, but 
one that works through social processes leading to the exploited, excluded and oppressed 
receiving the worst of what life has to offer with regard to those resources that can be 
appropriated by groups of people with the economic or social power to do so’ (Smith 2003 
pp. xxvi-xxvii).  
One of the primary ways in which ‘family’ may influence health is therefore through access 
to resources, which in turn enable purposive health-seeking behaviours. For example, if 
marriage systematically enhances wealth or social connections, it is likely that these 
resources will in turn allow married individuals to attain better long-term health outcomes. As 
the fundamental cause concept makes clear, the resource-dependent-health-seeking 
mechanism is quite general. However, there are also alternative mechanisms that may play a 
part in constituting the observed relationships between family and health. The following 
section discusses role-performance as one such mechanism.  
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2.3.2 Roles and institutions 
An important class of social structures is social institutions, examples of which could include 
the family, the labor market, the welfare state, the healthcare system, or the criminal justice 
system. Institutions may be thought of as structural complexes, comprised of a culturally-
defined system of relationships between different role-positions in combination with the 
extant distribution of resources among concrete actors engaged with the institution.  
As a system of relationships, institutions designate various abstract positions – for example 
‘husband’, ‘judge’, or ‘mother’ – commonly referred to as roles (Stryker 1980). Various 
associated schemas (which are ‘fuzzy’ in that they encompass a range of possibilities) govern 
typical, ideal, and deviant role-occupant characteristics (role-occupant schemas) and ways of 
acting towards other abstract role-occupants (role-action schemas). From a life course 
perspective, we might note also the organization of roles in ideal-typical-deviant 
combinations across different institutions (role-configuration schemas) and sequences over 
time (role-trajectory schemas). So, for instance, we could identify a set of shared ideas about 
what characteristics a ‘good’ husband might have, how he might act towards his wife, other 
roles he might occupy simultaneously, and when and in what order relative to other events he 
might become a husband. The content of these schemas and the breadth of possible behavior 
they encompass are contextually and historically variable. Concrete role-occupants behave in 
ways which may instantiate these schemas more or less well, a process referred to as ‘role-
performance’. Dependent on their particular circumstances and resources, actors may 
approach role-performance in various different ways and be more or less successful. Notably, 
successful role-performance entails the production of behavior and the provision of resources 
which are valuable to other actors.  
In parallel to the schematic organization of roles, concrete actors’ roles are also organized 
across different social institutions and over the life course. The sequence of age-specific roles 
occupied by an actor within a particular institution (e.g. single-cohabiting-husband) is a ‘role-
trajectory’ (George 2009) and the set of roles occupied simultaneously by an actor (e.g. 
chemistry teacher-father-husband) is a ‘role-configuration’ (Macmillan & Copher 2005).  
Major social institutions – notably for the purposes of this research family, the labor market, 
and the welfare state – also double as major channels for the distribution and production of 
resources. Successful role-performance, as the enactment of a more or less specific set of 
behaviors, both demands the devotion of some set of resources and brings with it command 
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over other resources. Role-performance is therefore a cultural, but also thoroughly 
instrumental, pursuit – thesis chapters are written not only because in certain times and places 
that is ‘what students do’, but also because doing so is valuable to related others 
(‘supervisors’, ‘university managers’) and brings with it other valuable things (‘PhDs’, 
‘jobs’). In short, while the behavioral content of different roles may be culturally-defined in 
an abstract sense, concrete actors’ role-performance is enforced by other concrete actors.  
The observation that role-performance is enforced (whether by carrot or stick) links back to 
the second major component of social institutions – the distribution of resources among 
concrete actors engaged in the institution. The unequal and asymmetric distribution of 
different amounts and forms of resources is what in the first instance creates the motivation 
and possibility of exchange (by no means necessarily either equal or zero-sum) through role-
performance. This also implies that the experience of nominally similar roles will be 
potentially very different depending on the resource sets over which an actor and the concrete 
others with whom he/she is engaged. Potential PhD supervisors, for example, differ from one 
another in the sets of resources which they command, and consequently in their ability to 
entice or command more or less and better or worse students (who also have variable 
resource sets) to act in ways which are beneficial to the supervisor. The student’s role-
performance is valuable to the supervisor, in turn, because it allows the supervisor to act in 
ways which are valuable to others (university managers), and so on. All social institutions 
therefore depend upon and perpetuate the distribution of resources between different actors.  
Multiple institutions are also culturally and practically interlocking. Culturally, role-
configuration schemas provide stereotypical ‘ideal’/‘typical’/‘deviant’ means of combining 
roles – an obvious example being the full-time employee/husband/father ‘breadwinner’ role 
configuration. Role-configurations are also entwined practically, however, as resources 
acquired through role-performance in one domain are available for role-performance in other 
domains. The income acquired from working as an engineer allows the actor to perform as a 
husband in ways which are valuable to his wife, and in doing so, secures command over other 
resources. There is consequently dynamic tension between the multiple roles occupied by an 
actor over time, the actor’s performance in each separate role, and his/her evolving resource 
set.  
Role-performance may contribute to health, independently of the ‘resource’ mechanism 
discussed above, if it entails behaviours that are consequential for health. A major example of 
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this is the reduction in a number of risky behaviours, such as alcohol or drug use, in 
conjunction with the acquisition of adult roles (Bachman et al. 2014; Staff et al. 2010).  
2.3.3 Role-resource dynamics  
The recognition that role-performance both demands and produces resources, that individuals 
occupy multiple concurrent and sequential roles, and that resources are flexible and 
applicable to role-performance across multiple roles, links the family life course to broader 
stratification processes through the concept of ‘cumulative advantage’ discussed above 
(O'Rand 2002, Dannefer 2003, DiPrete & Eirich 2006). Essentially, role-performance and 
resource acquisition may be seen as recursively interdependent. Applying this to the life 
course as ‘interlocking role trajectories’, life course stratification may be conceptualized as a 
multi-dimensional cumulative advantage process.  
In this conceptualization, each actor’s role configuration (with its’ associated set of combined 
demands) and resource set evolve, and from the actor’s perspective, are pursued in parallel. 
Early successes (or failures) are built upon (or limit possible horizons) over many different 
domains of social life simultaneously. The value and degree of flexibility of the actor’s 
resource set, and the actions required to maintain it, serves variously to commit them to 
ongoing, particular, sets of actions in order to keep his/her head above water and imbues 
them with the potential to remake and transform themselves and their circumstances in ways 
which seem desirable.  
As both resource sets and role-performance demands grow and change over time, the timing 
of when actors transition into new roles is also important for the cumulative advantage 
process (DiPrete & Eirich 2006, Elder & Giele 2009). Transitioning to a new role, and the 
demands which it brings, places new strains on the actors’ resource set. With sufficient 
resources, this will likely be manageable. Without sufficient resources, the actor is at risk of 
being unable to meet their new set of role-performance demands, bringing with it the 
potential loss of future resources.  
2.3.4 Summary 
The relationships between family and health may be seen as emerging from parallel processes 
of social and biological (dis)advantage that unfold over the life course. These processes at the 
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micro level5 are illustrated heuristically in figure 2.1, which represents a two-period 
cumulative advantage process linked to accumulation of biological risks6. Both the actors’ 
resource set and role configuration in a given moment drive her actions – the ‘pragmatic’ and 
‘identity’ agency that she engages in. This action encompasses both role-performance and 
health-related behaviours, which may form part of role-performance (as in the alcohol or drug 
desistance example discussed previously) or be pursued independently. In turn, actions, 
including successful or unsuccessful role-performance contribute to future resource sets and 
role-configurations, representing the social process of cumulative advantage. Over time, 
processes of social disadvantage and family formation link to biological development through 
repeated patterns of health-related behavior. Actors who experience relatively advantageous 
trajectories will have more control over resources (and those who commence adulthood in 
possession of more resources will be better able to construct advantageous role trajectories) 
and hence greater ability to pursue health-positive actions, but the specific behavioural 
requirements of role performance may produce health effects independently of this 
mechanism.  
2.4 Conclusion 
This chapter has discussed key elements of the life course theoretical framework (Elder 1985; 
Elder & Giele 2009; Kuh & Ben-Shlomo 2004; Kuh et al. 2003; Lynch & Smith 2005), and 
its application to the study of family role trajectories in relation to health outcomes. The 
sociological life course paradigm highlights the importance of timing, interdependence 
between multiple social domains and interrelated actors, and processes of cumulative 
(dis)advantage in control over resources and achievement of desirable roles. The 
epidemiological tradition complements these foci by stressing ‘accumulation of risk’ 
processes, long-term (potentially life long) consequences of exposures and insults, and the 
importance of ‘critical’ or ‘sensitive’ period effects in childhood. Both traditions take a ‘long 
view’ of processes of inequality. In the following chapter, data and methods for the thesis are 
discussed.  
 
                                                 
5 As discussed, the broader social, cultural, and economic context plays a critical role in shaping the content of 
role-performance expectations and distribution of opportunities and resources among different social groups. 
This influence is not illustrated in figure 2.1, but this is not intended to discount its’ importance.  
6 Of course, real stratification processes are not divided into discrete periods or steps, however for purposes of 
exposition it is useful to present it in this fashion here.  
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Figure 2.1: Family dynamics and health stratification processes in adulthood  
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Chapter 3: Research Design, Data and Methods 
In this chapter data for the thesis, and the methodological approaches adopted in the thesis, 
are discussed. The purpose is to summarize components of the methodology which are 
common across chapters (including data and measurement) and discuss the various analytical 
methods which underpin the thesis. Each empirical chapter describes aspects of the 
methodology specific to the chapter. 
3.1 Sample and data collection   
Data for the thesis are drawn from waves 1-14 of the Household Income and Labour 
Dynamics in Australia (HILDA) study, a household panel study which has been conducted 
annually since 2001 (see Watson and Wooden (2004, 2012) and Wooden and Watson (2007) 
for overviews of the data). HILDA is designed to be broadly representative of the Australian 
resident population, with minor exceptions (including foreign diplomatic or military 
personnel, the institutionalized population, persons resident in Australia for less than one 
year, and residents of remote areas where interviewing would be impractical). All household 
members aged 15 years or older are eligible for interview (usually conducted in person at the 
respondent’s home by a trained interviewer, although later waves have also introduced 
telephone interviews where necessary) and are also requested to complete and return by mail 
a questionnaire which covers additional topics not included in the main interview. A 
household questionnaire, which carries items about the household as a whole, is also 
completed, either by a single household member or by eliciting responses from whichever 
household member was best able to provide a response for a given topic (for example, one 
household member may be the respondent for the childcare items and a different household 
member may report household wealth). Small cash incentives (ranging from $20 to $35 
depending on the year) were offered for both the completion of individual interviews, and 
additionally to households where all eligible members complete an interview, in order to 
encourage participation and reduce survey attrition.  
The initial sample for HILDA was selected through a two-stage stratified process (Watson & 
Wooden 2002). In the first stage, a total of 488 Census Collection Districts (CCDs) were 
sampled from the non-remote areas of Australia. In the second stage, after interviewers listed 
all dwellings, 22-34 dwellings were sampled from within each CCD. Up to three separate 
households from within each dwelling were included in the final sample, and all household 
members are included in the sample (although as noted above, only those aged 15 or older are 
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interviewed). At the household level, the final response rate (with ‘response’ defined as at 
least one completed interview with a household member) was 65.7%. This corresponds to a 
total of 6,872 households where all eligible household members completed an interview and a 
further 810 where at least one member completed an interview, from 11,693 eligible 
households. At the individual level, there were 15,127 eligible household members aged 15 
or older in partially/fully responding households, of whom 13,969 completed an interview. 
The wave 1 individual level response rate was therefore 92.3%. A further 4,787 children aged 
less than 15 were identified in the partially/fully responding households.  
The sample evolves over subsequent waves of data collection through several mechanisms, 
which were designed to maintain the representativeness of the sample (Watson & Wooden 
2002).  First, all household members included in the 2001 wave of data collection (regardless 
of age or whether or not they were interviewed in 2001) are considered to be ‘continuing 
sample members’ (CSMs). This means that they are retained in the panel indefinitely. 
Second, new children (including adoptions) of CSMs are added to the sample as CSMs. 
Third, from the second wave of data collection on, new entrants to households which include 
a CSM are eligible for interview so long as they remain in a household with a CSM, and are 
referred to as ‘temporary sample members’ (TSMs). In the event that a TSM has a child with 
a CSM, they are converted to CSM status. Fourth, in 2011 a top up sample was added to the 
panel to maintain the general population representativeness of the overall panel (Watson 
2011). The top up sample included 2,153 households.  
Sample loss and attrition is generally low (Summerfield et al. 2015; Watson & Wooden 
2009). At wave 2, the individual attrition rate for the wave 1 main sample (defined as the 
percentage of in-scope respondents from the previous wave who did not provide at interview 
at the current wave) was 13.2%, 9.6% at wave 3, 8.4% at wave 4, and 5.6% at wave 5. At 
subsequent waves the attrition rate gradually declines, remaining between 3.5% and 5.3%. 
For the top up sample, the individual attrition rate was between 5 and 8%. Previous analyses 
show that sample attrition for HILDA is related to a number of factors, including socio-
economic disadvantage, Aboriginal or Torres Strait Islander (ATSI) identity, non-English 
speaking background, and younger age (Summerfield et al. 2015).  
3.2 Measures 
Table 3.1 summarizes the wording and possible values of variables used throughout the 
thesis. Many of the measures are relatively straightforward in their construction, or not of 
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Table 3.1: Summary of measures used throughout the thesis 
Variable Response options/ coding Instrument Waves data 
collected 
Chapters used 
Current physical health     
Physical health Physical health component of the SF-36, coding described in text SCQ 1-14 4, 6 
Family life course     
Family life course trajectory Constructed using multichannel sequence analysis as described in 
chapter 4 
PQ 1 4 
Age at first birth Constructed using own age and age of children as described in text PQ 1-14 5-7 
Parity at age 40 Constructed using own age and age of children as described in text PQ 1-14 6 
Whether married at time of 
first birth 
Constructed using age at first birth and retrospective marital history PQ 1-14 6 
Age of youngest child in 
household 
Constructed from ages of children living in the household PQ 1-14 6-7 
Current marital status 1: “Legally married”, 2: “De facto relationship”, 3: “No co-resident 
partner” 
PQ 1-14 6-7 
Demographics      
Ethnicity/immigration 1: “3rd generation or higher non-Indigenous”, 2: “2nd generation non-
indigenous”, 3: “1st generation – English 1st language spoken”, 4: “1st 
generation – non-English 1st language spoken”, 5: “Aboriginal or 
Torres Strait Islander”  
PQ 1-14 (first 
interview) 
4-7 
Age Age in whole years at 30th of June in the year of data collection HQ 1-14 4 
Sex Male/Female HQ 1-14 4-7 
Year of birth Year of birth HQ 1-14 5-7 
Number of siblings Number of siblings when growing up, ranges from zero to (topcoded) 
10 
PQ 1-14 (first 
interview) 
4-7 
Family background     
Father unemployed for 6+ 
months  
0: “No”, 1: “Yes” PQ 1-14 (first 
interview) 
4-7 
Parent occupational status Higher of mothers and fathers, 0-100  PQ 1-14 (first 
interview) 
4-7 
Parent education Higher of mothers and fathers, 1: “Less than completed secondary”, 
2: “Completed secondary or non-degree post-secondary”, 3: “Degree” 
PQ 5-14 (first 
interview) 
5-7 
Whether living with both 0: “No”, 1: “Yes” PQ 1-14 (first 5-7 
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Variable Response options/ coding Instrument Waves data 
collected 
Chapters used 
biological parents at age 14 interview) 
Family situation at age 14 1: “Living with both biological parents”, 2: “Step-family”, 3: “Single 
parent family”, 4: “Other” 
PQ 1-14 (first 
interview) 
4 
Left school before age 16 0: “No”, 1: “Yes” PQ 1-14 (first 
interview) 
5-7 
Mother aged less than 21 at 
time of respondents birth 
0: “No”, 1 “Yes”  PQ 8 5-7 
Childhood health      
Retrospective self-reported 
health at age 14 
1 “Excellent” to 5 “Poor” PQ 9, 13 4-7 
Whether parents smoked 
when a child 
0: “No”, 1 “Yes”  PQ 9, 13 4-7 
Whether respondent missed 
a month of school due to 
poor health  
0: “No”, 1 “Yes”  PQ 9, 13 4-7 
Presence of a long-term 
health condition with onset 
prior to age 15 
0: “No”, 1 “Yes”  PQ 3-14 5-7 
Height Deviation in centimetres from age/sex specific mean PQ 6-14 4 
Parents’ ages at time of 
death 
Separate for mother/father, 1: “Died aged < 60”, 2: “Died aged 60-
74”, 3: “Died aged 75+ or still alive”  
PQ 8 4 
Cognitive and non-
cognitive skills 
    
Personality     
Agreeableness Modified version of ‘Big 5’ personality scale, described in text PQ 5, 9, 13 5-7 
Conscientiousness Modified version of ‘Big 5’ personality scale, described in text PQ 5, 9, 13 5-7 
Extraversion Modified version of ‘Big 5’ personality scale, described in text PQ 5, 9, 13 5-7 
Emotional stability Modified version of ‘Big 5’ personality scale, described in text PQ 5, 9, 13 5-7 
Openness to experience Modified version of ‘Big 5’ personality scale, described in text PQ 5, 9, 13 5-7 
Locus of control Sense of control, described in text PQ 3, 4, 7, 11 5-7 
Cognitive test scores     
Backwards digit span Test of working memory, described in text PQ 12 5-7 
Symbol digits modalities Described in text PQ 12 5-7 
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Variable Response options/ coding Instrument Waves data 
collected 
Chapters used 
Word pronunciation score Shortened version of national adult reading test, described in text  PQ 12 5-7 
Current socio-economic 
position 
    
Highest level of completed 
education 
1: “Degree”, 2: “Certificate/Diploma”, 3: “Completed secondary”, 4: 
“Less than completed secondary” 
PQ 1-14 4 
Household income Equivalized household income, divided into quintiles PQ 1-14 6-7 
Housing tenure type  0: “Non-owner/purchaser”, 1: “Owner/purchaser” HQ 1-14 6 
Neighbourhood advantage 
index 
1-10, deciles of Socio-Economic Index for Areas (SEIFA) score HQ 1-14 6-7 
Subjective financial 
prosperity 
1: “Prosperous” to 6 “Very poor” SCQ 1-14 6-7 
Experienced financially 
related hardship 
0: “No”, 1 “Yes”  SCQ 1-9, 11-14 6-7 
Current health behaviour     
Current smoker 0: “No”, 1 “Yes”  SCQ 1-14 6 
Alcohol – frequency 1: “Non-drinker” to 7: “Every day” SCQ 1-14 6-7 
Alcohol – volume on a usual 
drinking occasion 
1: “Non-drinker” to 8: “13 or more standard drinks” SCQ 1-14 6-7 
Physical activity – frequency 1: “Not at all” to 6 “Every day” SCQ 1-14 6-7 
Other items     
Social support 7-item scale, described in text SCQ 1-14 6-7 
PQ: In person interview; SCQ: Self-complete questionnaire; HQ: Household questionnaire 
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central theoretical importance. As such, these items are not discussed further in this chapter, 
although many are described in greater detail in the individual empirical chapters they appear in. 
Rather, the following section focusses on describing measures that are theoretically central to the 
argument or have been constructed in a more complex fashion that requires greater elaboration. 
Note that alternative coding occasionally used, as described in each empirical chapter. 
3.2.1 Physical health  
For chapters 4 and 6, the primary outcome under consideration is the physical health component of 
the 36-Item Short Form Health Survey (SF-36) (Ware, Kosinski & Gandek 2000). The SF-36 
consists of a battery of items (listed in table 3.2), divided into eight subscales, which are designed to 
assess different aspects of health-related quality of life. The SF-36 has been widely validated across 
many different populations and contexts (Ware et al. 1998). In HILDA, responses to the SF-36 are 
collected each year as part of the self-complete questionnaire. Consistent with standard scoring 
rules (Ware, Kosinski & Gandek 2000), each of the subscales are initially scored to range from 0 
(worst health) to 100 (best health). 
Butterworth and Crosier (2004) examined the psychometric characteristics of the wave 1 SF-36 data 
from the HILDA survey, and found that the instrument displayed good criterion validity, and that 
all subscales had good internal reliability. Sample means for all subscales were found to be close to 
previously published normative data for the Australian population, although they note that the 
HILDA sample was in slightly poorer health overall than the published normative data, although 
these differences were more pronounced for the mental health subscales. They also found that, 
similar to previous Australian and international research, the eight subscales can be summarized 
with two higher order constructs representing ‘physical health’ and ‘mental health’.  
The four subscales relating to physical health include ‘general health’, ‘physical functioning’, 
‘bodily pain’ and ‘role physical’. For the purposes of the thesis, these four subscales are collapsed 
into a single ‘physical health’ component using principal components analysis. This is in 
accordance with Butterworth and Crosier’s (2004) findings, as well as a wealth of previous research 
on the factor structure of the SF-36 (McHorney, Ware & Raczek 1993; Ware et al. 1998). Table 3.3 
shows the eigenvalues and proportions of explained variance for the 1st to 4th components of a 
principal components analysis of the four subscales, together with factor loadings for the 1st 
component. Because the analyses reported in chapters 4 and 6  
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Table 3.2: SF-36 scales and items 
Scale/variable Response options 
General health  
In general, would you say your health is: ‘Excellent’; ‘Very good’; 
‘Good’; ‘Fair’; ‘Poor’ 
How TRUE or FALSE is each of the following statements for 
you? 
 
I seem to get sick a little easier than other people ‘Definitely true’; ‘Mostly true’; 
‘Don’t know’; ‘Mostly false’; 
‘Definitely false’ 
I am as healthy as anybody I know 
I expect my health to get worse 
My health is excellent 
Physical functioning  
The following questions are about activities you might do 
during a typical day. Does your health now limit you in these 
activities? If so, how much? 
 
Vigorous activities, such as running, lifting heavy objects, 
participating in strenuous sports 
‘Yes, limited a lot’; ‘Yes, 
limited a little’; ‘No, not limited 
at all’ Moderate activities, such as moving a table, pushing a vacuum 
cleaner, bowling, or playing golf 
Lifting or carrying groceries 
Climbing several flight of stairs 
Climbing one flight of stairs 
Bending, kneeling, or stooping 
Walking more than one kilometer 
Walking half a kilometer 
Walking 100 metres 
Bathing or dressing yourself 
Bodily pain 
How much bodily pain have you had during the past 4 weeks? ‘No bodily pain’; ‘Very mild’; 
‘Mild’; ‘Moderate’; ‘Severe’; 
‘Very severe’ 
During the past 4 weeks, how much did pain interfere with your 
normal work (including both work outside the home and 
housework)? 
‘Not at all’; ‘Slightly’; 
‘Moderately’; ‘Quite a bit’; 
‘Extremely’ 
 
 
Role physical 
 
During the past 4 weeks, have you had any of the following 
problems with your work or other daily activities as a result of 
your physical health? 
‘Yes’; ‘No’ 
Cut down the amount of time you spent on work or other 
activities 
 
Accomplished less than you would like  
Were limited in the kind of work or other activities  
Had difficulty performing the work or other activities (for 
example, it took extra effort) 
 
  
rely on different analytical subsamples, the analyses are presented separately for these subsamples, 
although only very minor differences exist in the estimates. In both cases, the 1st principal 
component accounts for over seventy percent of the total variance (73% for the subsample used in 
chapter 4, and 71% for the subsample used in chapter 6). The 2nd through  
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Table 3.3: Principal components analysis of SF-36 data 
Chapter 4 data 
 Eigenvalue Proportion variance 
1st component 2.90 0.73 
2nd component 0.40 0.10 
3rd component 0.37 0.09 
4th component 0.33 0.08 
 Loading (1st component) Proportion explained variance 
‘General health’ 0.49 0.70 
‘Physical functioning’ 0.50 0.74 
‘Bodily pain’ 0.50 0.72 
‘Role physical’  0.50 0.74 
N = 32,487    
Chapter 6 data 
 Eigenvalue Proportion variance 
1st component 2.83 0.71 
2nd component 0.44 0.11 
3rd component 0.40 0.10 
4th component 0.33 0.08 
 Loading (1st component) Proportion explained variance 
‘General health’ 0.49 0.67 
‘Physical functioning’ 0.50 0.71 
‘Bodily pain’ 0.51 0.73 
‘Role physical’  0.51 0.73 
N = 118,323   
   
4th principal components have much lower eigenvalues, indicating separate analyses of these 
principal components may not prove fruitful. Each of the four subscales also load strongly and in 
the same direction on the 1st principal component, signifying that the 1st principal component may 
be understood as representing a single poor/good ‘physical health’ dimension. The 1st principal 
component was therefore extracted to serve as the primary dependent variable in chapters 4 and 6. 
The resulting distributions of the physical health variable are shown in figure 3.1. For both 
subsamples the distribution is very similar, exhibiting strong negative skewness, with most 
responses at the ‘good health’ end of the distribution.  
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Figure 3.1: Distributions of physical health measure 
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3.2.2 Family life course 
A combination of respondent’s age, respondent’s children’s ages, and retrospective information on 
marital history is used to construct family life course variables in cases where the event or status 
being coded pre-dates participation in the survey (e.g. age at first birth for respondents who were 
already parents at wave 1). At the time of their first interview, respondents are asked how many 
marriages they have had, and the start and (where applicable) end dates of each marriage. 
Information on the current or most recent marriage, in addition to up to four earlier marriages 
(beginning with the earliest marriage) is collected. In cases where the life course event being coded 
occurred during the study period contemporaneous information on partnership/marital status and 
presence of children is used to construct the measures.  
These items have generally low missing frequencies (0.9% for date of present or most recent 
marriage), although the rate of missing is higher for dates of previous marriages and dates 
pertaining to the end of a marriage. For instance, among respondents who have had three or more 
marriages, the rate of missing for the date of the second marriage rises to 7.7%. For the end date of 
the most recent marriage, there is an overall 4.4% missing rate, with corresponding figures of 3.1% 
for the end date of the first marriage (if married more than once) and 9.7% for the second marriage 
(if married more than twice). A number of checks were also performed for the reliability of the data. 
A very small number of cases with implausibly young ages (less than fourteen for men and less than 
twelve for women) at the time of first marriage were set to missing. Although fourteen and twelve 
may seem very young, these were the minimum marriageable ages in Australia until 1961 (with the 
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exception of some states that increased the minimum age earlier) and it is therefore plausible that 
some older respondents may have been married at those ages. Similarly, a small number (5 cases) 
reported marriage dates which were earlier than the reported end of a previous marriage, and were 
consequently given missing values on the marital history items. Lastly, for currently married 
couples it was possible to check agreement between spouses, with 2.8% of couples found to report 
mismatching marriage years, and 0.7% with a discrepancy of greater than two years. Where 
spouses’ start dates disagreed by more than two years, both spouses’ marital history data was set to 
missing. Overall, these patterns suggest acceptable data quality for the marital history data, although 
data quality is likely worse among those respondents who have experienced a less normatively 
‘standard’ family life course.  
At each wave, respondents are also asked how many children they have ever had (including natural 
and adoptive children, but excluding step or foster children) and to list the ages of all resident and 
non-resident children. In the original survey design, the number of children born to the respondent 
who have since died is recorded if volunteered during the interview, but is not requested by the 
interviewer, and no further information is recorded about these children. At waves 5, 8, and 11, 
respondents are directly asked to report how many children they have had who have since died 
(excluding stillbirths or miscarriages). Those who report any deceased children are asked if they are 
willing to answer further questions about those children, and those who agree to continue report the 
month and year of birth, whether the child died before his/her 15th birthday, and if so the month and 
year of death.  
One limitation of these data is that adopted children are not identified separately from natural 
children, so it is necessary to treat them as if they were natural children. The magnitude of this issue 
depends on birth cohort, due to very large changes in the prevalence of adoption over time. 
Adoptions in Australia reached their peak in 1971-1972, when there were nearly 10,000 adoptions, 
roughly equivalent to one adoption for every 26 births (ABS 2017; AIFS 2012; Australian Institute 
of Health and Welfare (AIHW) 2011). After this time, the number of adoptions declined 
precipitously, to the point where there were only 1,142 finalized adoptions in the 1990-1991 year 
(roughly one adoption for every 233 births) and only 384 by 2010-2011. It is particularly important 
to note that up until the mid-1970s, children born to unmarried mothers were often (at times 
forcibly) given up for adoption (AIFS 2012). There is therefore likely to be some desirability bias in 
older respondents’ reporting of children born outside marriage, which could (for instance) create an 
upwards bias in measured age at first birth. The unmeasured presence of adopted children is 
therefore likely to represent a larger (although still comparatively minor) issue for earlier birth 
cohorts in the analysis, and may particularly affect reporting of children born outside of marriage. 
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Absent further opportunity to correct for any resulting error, this thesis subsequently treats all 
reported children as if they were natural children.  
For the analysis reported in chapter 4, the above information is used to code respondents’ family 
formation on a series of yearly age-specific channels from 18-50. Where the respondent experiences 
a transition, they are coded to the new state for that age, regardless of when the transition occurs 
within that year. For example, if the first marriage occurred at 22 years and 11 months, the 
respondent was coded as married for age 22. The first channel simply codes respondents as married 
(1) or not married (0) at a given age. The second channel is cumulative, and records the total 
number of marital transitions (either starting or ending a marriage) that the respondent has 
experienced up to a given age. The third channel similarly records the cumulative number of 
children ever born (or adopted). The fourth and fifth channels respectively record the number of 
children aged 0-14 who were a) born in the current marriage, or b) were not born in a current 
marriage, either due to being born at a time when the respondent was not married or being born in 
an earlier marriage.  
Chapters 5 and 6 focus primarily on (retrospectively constructed) age at the time of first birth. In 
order to construct a variable measuring age at first birth, the age in whole years of the oldest child 
for whom information is available (including deceased children) is subtracted from the respondent’s 
age in whole years at the time of interview. A small number of births calculated to have occurred 
when the respondent was aged less than thirteen were excluded as likely reporting error. Although 
each respondent’s actual age at first birth is obviously fixed, because information on their children’s 
ages is recorded every wave, there is potential for this measure to vary over time. This is due to 
variation in the timing of interview relative to respondents’ and their children’s birthdays and 
reporting error, due either to changes in respondents’ willingness to acknowledge children or 
mistakes in reporting or recording their current ages. For most respondents, their age at first birth 
calculated as described above is quite consistent over time. For slightly less than two-thirds of 
respondents with children (62.4%), the range between the oldest calculated age at first birth and the 
youngest was zero, and for 92.2% were consistent within two years or less. This rate is slightly 
higher among married respondents at 93.5%, and correspondingly lower among non-married 
respondents (89.6%), suggesting that greater engagement with children among married persons may 
facilitate more accurate reporting. Women were also more likely (94.3%) to give answers consistent 
within two years than men (89.8%) and this was true for both married and non-married respondents. 
Consistency was also lower among respondents who had more than one marriage, declining from 
93.7% among those with a single marriage, to 85.3% for two marriages and 82.7% for three. Never 
married respondents were consistent within two years 91.1% of the time. Lower levels of education 
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were also linked to less consistent reporting. Overall, these findings suggest that age at first birth is 
reliably measured, but that data quality for respondents who are male, disadvantaged, or with more 
complex family histories may be comparatively poorer.  
In order to respond to these issues, the primary measure of age at first birth is constructed as the 
median value for each respondent. This solution was chosen because, for respondents whose wave-
specific values of age at first birth were found to vary by more than a year, a large proportion were 
due to a single widely discrepant value, which likely represents an error in either reporting or 
recording children’s age. For instance, if the single most discrepant value of age at first birth is 
excluded, 58.9% of respondents who previously had inconsistent reports are now consistent within 
two years. As the median value is robust to these observations, it was selected in preference to 
alternatives such as the mean, minimum, or maximum of respondent’s wave specific values. In a 
small number of cases, this results in a half-year value (e.g. 26.5) for age at first birth.  
Chapter 6 uses several additional retrospectively constructed variables. The first of these is parity 
(number of live births) up until age 40, constructed through the same process as age at first birth. 
Age 40 was chosen as the cut-off (rather than including any later births) in order to ensure that 
parity is a constant within the analytical sample (which includes only person-years when the 
respondent was aged 41 or older). Most respondents have also completed their fertility by age 40, so 
there is likely to be comparatively little impact from limiting the measure in this way. Marital 
history up until age 40 (chapter 6) is constructed as either 1) never married, 2) single uninterrupted 
marriage, or 3) interrupted marital history. Finally, a dummy variable which indicates whether the 
respondent was married at the time of the first birth (0 = married; 1 = not married) is constructed on 
the basis of age at first birth and the marital history items described above.  
Finally, chapter 7 (which focusses on younger respondents, at the time when they are having their 
first birth) uses an alternative measure of age at first birth. For respondents who first became 
parents during the life of the survey, age at first birth is constructed simply as the respondent’s age 
in whole years at the time of the first interview where they are observed to have a child. For those 
who were already parents at the time of their first interview, age at first birth was constructed as 
above.  
3.2.3 Cognitive and non-cognitive skills 
A number of items measuring individuals’ cognitive or non-cognitive skills are included in the 
analysis. ‘Cognitive’ skills are those which are associated with general intelligence, including 
information processing, memory, language ability, mathematical aptitude, or reasoning (Farkas 
2003). ‘Non-cognitive’ skills on the other hand is a catch-all term which encompasses various 
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personal characteristics, including constructs such as sociability, effort, discipline, or self-control. 
There is a large literature devoted to studying the relationships between these constructs and 
numerous outcomes, including health, health-related behaviors, and family and labour market 
outcomes, which as previously noted, suggests that these skills are of considerable importance to 
stratification processes (Borghans et al. 2008; Cunha et al. 2006; Heckman, Stixrud & Urzua 2006). 
This section describes the measurement and processing of the relevant items in the HILDA survey.  
As there are a number of common steps in the construction of these items, these steps are described 
here rather than repeated separately below. First, in order to account for any mean-level change 
over the life cycle, all cognitive and non-cognitive skill measures are age- and sex-normed. This is 
accomplished by regressing the scale scores on a sex dummy variable, age in five year brackets (15-
19… 55-59, 60 and older), and the interaction of age and sex. The residual from these models, 
which represent an individual’s deviation from the age-sex specific mean for each item, are saved 
and used for further analysis. This step is important because measurements occur at a wide variety 
of ages, and normative mean-level development over the life course is therefore confounded with 
rank-order differences between individuals in the raw data. For instance, without adjusting for age 
at the time of measurement respondents from earlier birth cohorts would appear to perform 
comparatively poorly with respect to (some aspects of) cognitive ability, reflecting normal age-
related decline (Gow 2016). All measures of cognitive and non-cognitive skills are converted to z-
scores (mean 0, standard deviation 1) prior to analysis in order to enhance interpretability.  
Second, for the non-cognitive skills there are multiple measurement occasions, and individuals can 
therefore have repeated measurements on the same constructs. In order to utilize this data, the over-
time average score is calculated for each respondent (after age-sex norming at each measurement 
occasion). Exploiting multiple measurements rather than relying on data from a single time point 
has the benefit of enhancing the reliability of the final measures of non-cognitive skills, by 
averaging over any idiosyncratic factors that might affect respondents’ answers.  
Because the dataset lacks measures of cognitive or non-cognitive skills that precede adulthood, an 
important (and unfortunately unavoidable) assumption is that individuals’ relative position on these 
characteristics is largely stable in adulthood, or at least unaffected by retrospectively reported 
events (in particular first birth timing) that they are hypothesised to affect. This represents a 
common strategy in much of the literature addressing these concepts, but it is nonetheless important 
to understand how much change there is likely to be over the life course. Cognitive ability is only 
measured on one occasion in HILDA, so it is not possible to conduct an assessment of the stability 
of these items using the available data. Other studies which have examined the stability of cognitive 
ability typically find a high level of stability, often over very long time periods. For instance, Lyons 
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et al. (2009) reported correlations between .7 and .79 in scores on the Armed Forces Qualification 
Test (a common proxy for general cognitive ability) from age 20 to age 55, while Deary et al. 
(2000) similarly show a correlation of .73 on an alternative measure of cognitive ability (the Moray 
House Test) from ages 11 to 77. These findings suggest that, although it is not possible in the 
current data to rule out effects of retrospective family formation patterns on the cognitive ability 
measures, the available scores are likely to be strongly related to cognitive ability in early 
adulthood.  
Bias may still arise, however, if family formation patterns contribute to later life cognitive ability 
independently of early-life cognitive ability. For instance, Read and Grundy (2016) report that 
younger age at first birth and low or high parities were associated with poorer cognitive function in 
older English adults, although the relationships were primarily accounted for by socio-economic 
status at baseline. Due to the timing of measurement, however, they are not able to fully disentangle 
the nature of the causal ordering between cognitive ability, socio-economic status attainment, and 
fertility history.  
With respect to non-cognitive skills, because there are repeated measurements of the same 
constructs available, it is possible to conduct an assessment of individual level stability over time. 
Fortunately, this has been done by Cobb-Clark and Schurer (2012, 2013). The first of these papers 
(Cobb-Clark & Schurer 2012) assesses the extent to which the ‘big five’ personality traits 
(agreeableness, conscientiousness, extraversion, openness to experience, and emotional stability) 
remain stable over a four-year period (2005-2009) in the HILDA data, and to what extent they are 
affected by positive or negative life events over this period. They show that for the working age 
population (25-65 years) there are only small mean-level changes in these variables over the follow 
up period. Intra-individual changes were similarly small and unrelated to life events, with the 
exception of the small number of individuals who experienced many negative life events. Cobb-
Clark and Schurer (2013) largely replicate these findings for locus of control. No mean level change 
was found within the working age sample, and only very intense ‘shocks’ (e.g. multiple family 
deaths or the combination of job loss with loss of a spouse and a health shock) produced any intra-
individual change in locus of control. Elkins, Kassenboehmer and Schurer (2017) extend these 
analyses to adolescents and young adults (aged 15-24) and report similar findings. Overall, these 
papers suggest that, while not perfectly time invariant both cognitive and non-cognitive skills are 
highly stable and only minimally affected by life events. On this evidence, it therefore seems 
reasonable to include these items in our analysis on the assumption that they are unlikely to be 
affected by the family life course events of primary interest. The following sections now describe 
the meaning and construction of the specific items in greater detail.  
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Cognitive skills 
Three cognitive ability measures were collected in wave 12 of the HILDA survey. This included the 
‘Backwards digit span’ (BDS), ‘Symbol digits modalities’ (SDMT) and ‘National adult reading 
test’ (NART), which tap different aspects of cognitive ability. The measurement of these items has 
been described extensively in Wooden (2013). 
The BDS test attempts to measure working memory, and is administered by interviewers reading 
out increasingly long (up to eight digit) strings of numbers, which respondents are asked to repeat in 
reverse order. The test is discontinued when the respondent fails to correctly repeat two numbers of 
a given length, and the respondent’s score is the longest number correctly repeated (for example, if 
the respondent fails twice on five-digit numbers, the respondent is scored four). As the test 
commences with a two-digit number, respondents who fail at this stage are scored as one.  
The second cognitive ability test, the SDMT, attempts to measure perceptual processing speed 
(Smith 2007; Wooden 2013). Respondents are provided with a written key that pairs symbols with 
numbers, and are requested to assign the correct number to further copies of the symbols, with the 
final score being the number of correct answers given in a 90 second period. Because of the visual 
nature of the test, respondents who completed the wave 12 interview via telephone were not invited 
to participate in the SDMT administration.  
Finally, in the NART, respondents are asked to pronounce 25 irregularly spelled words, with the 
final score being the number of correctly pronounced words. Wooden (2013, p 3.) notes that due to 
the ‘high correlation between reading ability and intelligence in the normal population’, the NART 
provides a strong proxy for general intelligence. The 25-word version is a shortened version of the 
original (50 word) test (Nelson 1982), however Wooden (2013) reports that in pilot testing the 
shorter form was found to be highly reliable (alpha 0.89) and was correlated at 0.97 with the full 
version of the test. A particular limitation of this measure is that its’ validity is likely to be affected 
by cultural background, which may be a substantial issue in the Australian context. 
The three measures of cognitive ability display moderate correlations, with age-adjusted 
correlations between the three measures from 0.33 between BDS and SDMT to .40 between BDS 
and NART (Wooden 2013). This suggests that the three tests are measuring interrelated but distinct 
aspects of cognitive ability, and consequently it was decided to include the three measures 
separately in analyses rather than attempt to construct an overall summary measure of cognitive 
ability.  
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Non-cognitive skills: Personality and locus of control 
Personality is measured in HILDA at waves 5, 9, and 13 through a modified version of the Trait 
Descriptive Adjectives 40 (TDA) question battery (Losoncz 2009). The TDA is designed to 
measure widely accepted major dimensions of personality, often referred to as the ‘Big-5’: 
‘Extraversion’, ‘Emotional stability’ (also referred to as ‘neuroticism’), ‘Conscientiousness’, 
‘Openness to experience’, and ‘Agreeableness’ (Digman 1990; McCrae & John 1992). Although the 
interpretation of the factors is often somewhat ambiguous, it is nonetheless possible to discern 
broad themes for the content of each of these dimensions. ‘Extraversion’ encompasses (at higher 
values) such traits as ‘sociable’, ‘assertive’ or ‘talkative’, and at the opposite end ‘withdrawn’ or 
‘reserved’. ‘Emotional stability’ similarly relates to ‘calm’, ‘emotional control’ versus ‘impulsive’, 
‘anxious’ or ‘neurotic’. Third, ‘conscientiousness’ references planfulness, dependability, or will to 
achieve. ‘Openness to experience’ relates to curiosity or interest in breadth of experience. Finally, 
‘agreeableness’ captures ‘social conformity’ or ‘altruism’, versus ‘hostility’ or ‘jealousy’.  
The HILDA variant of the TDA consists of 36 items (summarized in table 3.4), 30 from the original 
40 TDA items, plus six new items. Properties of the items for the wave 5 data have been described 
extensively in Losoncz (2009). Respondents are asked to rate how well each item describes them on 
a seven-point scale, with response options from 1 ‘Does not describe me at all’ to 7 ‘Describes me 
very well’. Previous work indicated that six items exhibited cross-loadings on more than one 
dimension, and these items were consequently excluded from subsequent scale construction. The 
remaining 30 items were organized into five groups based on their factor loadings, corresponding to 
the personality dimensions described above, and subsequently five scales were constructed by 
taking the mean of the relevant items for each respondent. Cronbach’s alpha for these scales has 
previously been reported to lie  
between 0.74 and 0.81, indicating acceptable internal reliability (Losoncz 2009). Scores are age-sex 
normed, and averaged across measurement occasions where possible, as described previously.  
‘Locus of control’ is a concept that describes individuals’ perception of ‘the causal relationship 
between one’s own behaviour and its’ consequences’ (Rotter 1966). Individuals who perceive that 
they can exert substantial control over their life course are classified as having an ‘internal’ locus of 
control. Those who think that uncontrollable external factors are more important are conversely 
defined as having an ‘external’ locus of control. Locus of control is associated with a wide range of 
labour market and health outcomes (Chiteji 2010; Coleman & Deleire 2003; Heineck & Anger 
2010), and is consequently important to incorporate in our analysis.  
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Table 3.4: Non-cognitive skill measures (Big-5 personality measures and locus of control) 
Question stub/Item Response options 
                                       Big-5 personality measures  
How well do the following words describe you? For each word, 
cross one box to indicate how well that word describes you. There 
are no right or wrong answers.  
 
1 ‘Does not describe me at 
all’ … 7 ‘Describes me very 
well’  
‘Emotional stability’  
Moody (R); Temperamental (R); Jealous (R); Touchy (R); Envious 
(R); Fretful (R); Harsh (R); Selfish (R) 
 
‘Extraversion’ 
Quiet (R); Shy (R); Talkative; Extroverted; Bashful (R);  
 
‘Conscientiousness’  
Careless (R); Disorganized (R); Efficient; Inefficient (R); Orderly; 
Sloppy (R) 
 
‘Agreeableness’  
Cooperative; Kind; Sympathetic; Warm 
 
‘Openness to experience’  
Complex; Deep; Intellectual; Philosophical 
 
                                          Locus of control  
Please indicate, by crossing one box on each line, how much you 
agree or disagree with each of the following statements. The more 
you agree, the higher the number of the box you should cross. The 
more you disagree, the lower the number of the box you should 
cross.  
 
1 ‘Strongly disagree’ … 7 
‘Strongly agree’  
I have little control over the things that happen to me  
There is really no way I can solve some of the problems I have  
There is little I can do to change many of the important things in 
life  
 
I often feel helpless in dealing with the problems of life  
Sometimes I feel that I’m being pushed around in life  
What happens to me in the future mostly depends on me (reverse 
coded) 
 
I can do just about anything I really set my mind to (reverse coded)  
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A series of items measuring locus of control is included in the self-complete component of the 
HILDA survey, at waves 3, 4, 7 and 11, and are combined to form a scale. Seven items (listed in 
table 3.4) derived from Pearlin and Schooler’s (1978) work are included in the construction of the 
scale. Two items are first reverse coded, and the scale score at each measurement occasion is then 
calculated as the mean response value (for respondents who answered at least five of the seven 
items). As described above, the resulting score is subsequently age-sex normed to account for mean 
level change over the life course, and where multiple waves of data are available for the same 
individual, the mean score is taken as a summary representation of internal/external locus of 
control. Cronbach’s alpha for the scale was 0.82. 
3.2.4 Other variables 
Social support  
Respondents’ access to social support is measured by a series of ten items (listed in table 3.5) 
included every wave on the self-complete questionnaire. After reverse coding so that high values 
uniformly signify greater access to social support, a summary social support scale was constructed 
by taking the mean value (for respondents with five or more valid responses). Cronbach’s alpha for 
this scale was acceptably high at 0.82.  
3.3 Overview of statistical models used for analysis 
3.3.1 Growth models 
Longitudinal data present both challenges and opportunities relative to cross sectional data, and 
modelling needs to take the additional structures and complexities associated with longitudinal data 
into account in order to obtain correct estimates of the model parameters. The aim here is to exploit 
the richness of the data to its’ maximum potential. In particular, any statistical modelling must 
consider the clustering of repeated observations within individuals, as this clustering of the data 
violates the independence assumption of cross-sectional regression models. Failure to address this 
issue will lead to standard errors which are too small, incorrectly attributing too much precision to 
our estimates. Longitudinal data also afford analysts the opportunity to directly model changes over 
time for individuals, and statistical models should be specified to do this.  
In order to respond to these challenges, this thesis uses growth models to model trajectories of 
physical health over time (Bollen & Curran 2006; Singer & Willet 2003). Growth models may be 
understood as an extension of more traditional single level regression models, using repeated 
observations to address individual variation in the level and rate of change of a response variable. It 
is useful to initially consider a simple regression model fitted to repeated measures data written as:  
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                                              (1) 
where  is the value of the dependent variable for individual i at time t, a is the intercept 
representing the expected value of   when all the independent variables in the model are equal to 
zero, TIME is a variable which indexes the time of measurement (for example wave),  is the 
expected change in   for a one unit increase in TIME, and  is the residual term for individual i 
at time t. This model describes the sample average baseline value of  and the marginal change 
over time, but lacks the capacity to address more individualized trajectories of change, and violates 
the independence and (most likely) constant error variance assumptions, leading to biased 
parameter estimates and incorrect standard errors. 
Table 3.5: Social support scale 
Question stub/Item Response options 
The following statements have been used by many people to 
describe how much support they get from other people. How much 
do you agree or disagree with each? The more you agree, the higher 
the number of the box you should cross. The more you disagree, the 
lower the number of the box you should cross.  
1 ‘Strongly disagree’ … 7 
‘Strongly agree’  
People don’t come to visit me as often as I would like (reverse 
coded) 
 
I often need help from other people but can’t get it (reverse coded)  
I seem to have a lot of friends  
I don’t have anyone that I can confide in (reverse coded)  
I have no one to lean on in times of trouble (reverse coded)  
There is someone who can always cheer me up when I’m down  
I often feel very lonely (reverse coded)  
I enjoy the time I spend with the people who are important to me  
When something’s on my mind, just talking with the people I know 
can make me feel better 
 
When I need someone to help me out, I can usually find someone  
 
To address these issues, growth models generalize the a and  terms as random variables that may 
take a different value for each individual in the dataset, with a rewritten, more generally, as  and 
 rewritten as  . As indicated by the subscript i, these terms are now specific to each person in 
the analysis, and represent the expected baseline value ( ) and rate of change ( ). Substituting 
these terms into equation (1) gives the unconditional growth model:  
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                                             (2) 
As random variables,   and  can be separated into fixed and random components. Following 
Singer and Willet (2003), we write:  
                                                        (3) 
                                                        (4) 
Equations (3) and (4) are referred to as the level 2 sub-models. The terms  and  are fixed 
parameters estimated from the data, and represent the sample average of the individual level 
intercept and rate of change respectively. The remaining terms, which make up the random 
component of the model, represent each person’s deviation from the sample average intercept ( ) 
and rate of change ( ).  and  are assumed to be normally distributed with mean zero, 
variances and , and covariance .  
To address questions about the relationships between covariates and trajectories of change the 
model may be further extended in order to allow each person’s level and rate of change to depend 
on individual level (invariant over time for the same individual) variables such as gender. Denoting 
individual level variables as Z, we may extend equations (3) and (4) as follows:  
                                               (5) 
                                               (6) 
This specification implies that the individual level intercept and rate of change are functions of Z. It 
is important to note that there is no requirement for Z to appear in both equations, as the factors 
which influence the baseline level of a variable may naturally be distinct from those that influence 
the rate of change in that variable. Furthermore, the interpretations of both the fixed and random 
terms in the model has changed.  and  now represent the average intercept and rate of change 
when Z is equal to zero, and  and  should now be interpreted as residual deviations for 
individual i from the sample average, net of the effects of Z.  
Recombining equations (5) and (6) into the overall model, we have:  
        (7) 
which we refer to as the composite growth model. This model can straightforwardly be extended to 
include additional predictors at the individual level, as well as time-varying predictors. Although 
the model as written implies a linear trajectory of change for each person, with sufficient data more 
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complex trajectories (such as curvilinear growth patterns, or piecewise linear change) can also be 
specified through the addition of more terms for time.   
A number of estimation approaches exist for growth models, however the most common, and the 
approach taken in this thesis, is to estimate the parameters of the models via maximum likelihood 
techniques. The resulting log-likelihoods for different model specifications can also be used to 
select the best fitting model from a series of candidate models. In particular, the Akaike Information 
Criterion (AIC) is used to help inform model selection (Akaike 1974). If we define k to be the 
number of parameters estimated in a given model, and L to be the estimated likelihood of the fitted 
model, the AIC is:  
                                                    (8) 
Among the candidate models, the one with the lowest AIC is preferred, with larger differences 
between models indicating stronger support for the one with the lower value. Because AIC 
increases with the addition of more parameters, AIC will tend to favour more parsimonious models 
over those that add more variables without substantially improving the fit of the model to the data.  
3.3.2 Fixed-effects models 
A common alternative to growth models when using panel data is fixed-effects models, which aim 
to estimate the effects of some time-varying predictor(s) on a time-varying outcome (Allison 2009; 
Wooldridge 2010). The key advantage of fixed-effects models is that they rule out confounding 
from time-constant effects of time-invariant background factors, whether observed or unobserved. 
For example, any and all effects of early childhood experiences, genetic endowment, or time-
invariant personal characteristics may be eliminated from the model, so long as the effect does not 
differ over time. To achieve this, the model discards all on-average ‘between’ individual variation 
and uses only ‘within’ individual change in predictors and outcome to estimate the model 
parameters.  
Several alternative model specifications achieve identical results. Earlier treatments of the fixed-
effects model either relied on individual-mean-differencing for the outcome and predictors, or 
included dummy-variables for each individual. However, these approaches have largely been 
superseded by a specification in which the individual-fixed effects are treated as a random variable 
(which following Wooldridge (2010) will be denoted as ) resulting from some sampling process. 
As described in Wooldridge, the model may be written as:  
                                                  (9) 
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Where  represents time varying individual covariates, and  is allowed to be ‘correlated 
arbitrarily with ’ (Wooldridge 2010, p 286). A consequence of this is that time-invariant 
predictors are excluded from the model (because their effects are fully captured by ) although it is 
still possible to include interactions between time-invariant and time-varying factors.  
Last, an important alternative approach is the ‘hybrid’ fixed effects specification (Allison 2009) in 
which time-varying predictors are split into individual specific means and time specific deviations 
from the individual mean, and the model is estimated in a random-effects framework. Because the 
deviations are by definition uncorrelated with the time-invariant , the attendant parameters are the 
same as obtained under a fixed-effects framework, while allowing time-invariant factors to be 
modelled simultaneously.  
3.3.3 Multiple imputation 
Missing data often represent a significant obstacle in the analysis of survey data, as improper 
treatment of missing values in analysis can produce biased or inefficient estimation results. 
Following Rubin’s work, missing data are often classified as ‘missing completely at random’ 
(MCAR), ‘missing at random’ (MAR), or ‘not missing at random’ (NMAR) (Little & Rubin 2002; 
Rubin 1976). MCAR describes data where the probability of missing is unrelated to the values of 
any observed or unobserved variables – effectively data are missing due to random chance alone. If 
the data are MCAR, then complete case analysis (using only observations with no missing data on 
any of the analysis variables) leads to unbiased results (Little & Rubin 2002). The analysis may 
however still be inefficient – producing larger than necessary standard errors – because it discards 
relevant information from partially complete cases. Moreover, it is practically highly unlikely that 
data are MCAR, and consequently complete case analysis will in most instances produce biased 
results.  
If MCAR is refuted, then data can be either MAR or NMAR. Data are MAR if the probability of 
missing is random conditional on the other observed data (Little & Rubin 2002). This means that 
the probability of missing may depend on other measured variables, but not on unmeasured 
variables. For example, the probability of missing data on income may depend on education 
(assuming education has been measured), but not on unmeasured personal traits. Importantly, the 
probability of missing for a particular variable may not depend on the true value of that variable (so 
the probability of missing income data cannot depend on the true value of income). Because the 
requisite information is by definition unavailable, distinguishing between MAR and NMAR data is 
unfortunately not possible empirically, and it is therefore necessary to assume for the purposes of 
analysis that data are MAR instead of NMAR. It is however, possible to increase the plausibility of 
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this assumption by collecting (and incorporating in the analysis) a richer set of covariates thought to 
relate to the probability of missing and the values of the missing variables (White, Royston & Wood 
2010).  
Under the MAR assumption, it is still possible to produce unbiased estimates, however it will 
usually be necessary to address the issue directly in the analysis, which can be achieved in several 
possible ways. As mentioned above, complete case analysis is generally inappropriate due to 
potential for both inefficiency and bias. Single-imputation methods (whether mean-imputation or 
regression based methods with or without a random component) may offer some improvement over 
complete case analysis, but will tend to produce artificially small standard errors (Little & Rubin 
2002). This is because these methods treat imputed values – which represent our best guesses 
regarding the likely values of a variable given available information – as equivalent to observed 
‘true’ values, neglecting to consider the uncertainty that surrounds these guesses. Multiple 
imputation addresses this issue by repeating the imputation process (with a stochastic component) 
in order to create a series of imputed values for each missing data point, enabling analysis to 
incorporate this uncertainty directly. This results in a series of m completed datasets, each of which 
contains the non-missing data (identical across datasets) in addition to a set of imputed data points. 
The final analytic model(s) are fitted to each completed data set in turn, and the estimation results 
are then combined to give final overall values for the parameter estimates. If the MAR assumption 
is true and the imputation process has been properly performed, these estimates are both unbiased 
and efficient (Little & Rubin 2002; White, Royston & Wood 2010).  
In this thesis, a form of multiple imputation known as ‘multiple imputation by chained equations’ 
(MICE) is employed to handle missing data (van Buuren 2007, 2012). MICE was selected over its’ 
primary competitor – multiple imputation by multivariate normal regression (Schaefer 1997) – due 
to its’ greater flexibility in handling discrete variables, which make up a large proportion of the 
variables included in the analysis. To initialize the process, MICE first replaces missing data points 
with simple random draws (with replacement) from the observed values for each variable (White, 
Royston & Wood 2010). Each variable with missing data is then regressed (depending on the 
distribution of the variable a variety of link functions can be used, including for example identity, 
logistic, or poisson) on other variables in the dataset, and the missing data points are replaced with a 
random draw from the posterior predictive distribution. This process is then repeated for the other 
variables, and the imputation cycles through this process multiple times (called the burn in period) 
in order to stabilize the resulting sample distributions. The whole process produces one imputed 
dataset, and is therefore repeated m times.  
48 
Complex data structures can represent a possible obstacle for MICE, as available imputation 
methods typically handle only single level data. Since the primary data source for the thesis was a 
panel study, which has a multi-level structure, it was important to find a way to work around this 
issue. Following Young & Johnson (2015), the data were therefore reshaped into ‘wide’ format, 
with a single row of data for each respondent and repeated measures represented as separate 
variables, rather than as multiple rows. This circumvents the multi-level structure of the original 
data, and makes it straightforward to incorporate observed values of a variable from a previous 
and/or subsequent wave as predictors of the missing values of the same variable. Including data 
from previous waves in this way can substantially improve the quality of the imputation process, as 
many measures are highly stable over time, and the previous values are therefore excellent 
predictors.  
Subsequent chapters rely on distinct subsets of the data with distinct analytical questions, and 
therefore use different imputation models. In chapter 4, analysis is based upon m = 50 imputed data 
sets. Analysis in chapters 5, 6, and 7 were based on m = 20 imputations. These numbers are 
considerably larger than the commonly cited recommendation of m = 3-5 imputations (Schaefer 
1997), although it is important to acknowledge that scholars have recently begun to suggest that 
larger values of m may be necessary in order to adequately account for cross-imputation variation 
(and the inherent uncertainty about the missing data that it is designed to represent) (Graham, 
Olchowski & Gilreath 2007; White, Royston & Wood 2010). Nonetheless, the values of m 
employed in the current work are broadly typical of the literature. A mix of different imputation 
types (including linear, logistic, and predictive mean matching) were employed depending on the 
distribution of the missing variable. Imputation was performed separately by sex in all cases, to 
allow for any differences in the pattern of associations between variables for men and women.  
To ensure that the imputation process had stabilized appropriately (imputed values are 
autocorrelated over successive iterations, and it can take a number of iterations for the effect of the 
starting values to ‘wash out’ of the process) the trace file containing estimates of the mean and 
standard deviation of the imputed variables at each iteration was saved, and the parameter values 
were plotted against the iteration number. This process was conducted for every imputation model. 
The plots were visually inspected for evidence that the imputation process had failed to achieve 
stability, and in no case was this apparent.  
3.3.4 Propensity score weighting 
A fundamental issue for the analysis of observational data is how to account for confounding. From 
a statistical point of view, studies aiming to identify causal effects would ideally be able to 
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randomly assign participants to different conditions in order to assess the effects of events and 
experiences. Practically however, this is rarely feasible or ethical for the kinds of research questions 
that social science addresses, and where it is possible, the external validity of such studies is often 
questionable. A number of methods attempt to address this issue for observational data, of which 
the broad suite of propensity score based methods represent a major strand (Rosenbaum & Rubin 
1983). Compared to more traditional regression based methods, propensity score approaches have 
several potentially attractive features, including most notably reduced model dependence and data 
reduction (Austin 2011; Ho et al. 2007).  
This section discusses Inverse Probability of Treatment Weighting (IPTW), which is used in chapter 
7 to investigate the impact of becoming a parent at different ages (Austin & Stuart 2015; 
Rosenbaum 1987). Propensity score based methods in general, including IPTW, are comprised of 
two major steps. First, it is necessary (in non-experimental studies, where the probability of 
treatment is not known a priori) to estimate the propensity score. Second, the effect of treatment on 
the outcome(s) is estimated conditioning in some way on the estimated propensity score. IPTW 
represents one approach to the second step, conditioning on the propensity score (Austin 2011).  
Before proceeding to the specifics of IPTW, it is helpful to first define a number of concepts shared 
by all propensity score methods. First, a ‘treatment’ is the event or experience that is of interest, and 
for which we wish to understand the effects on some later outcomes(s) (Morgan & Winship 2007). 
The propensity score in turn is simply the probability that a person experiences the treatment, 
conditional on relevant pre-treatment factors (Rosenbaum & Rubin 1987). Although the 
terminology suggests an intervention of some sort, in practice this is not necessarily the case, and 
the ‘treatment’ may represent a wide range of possible experiences, including those that are at least 
partially chosen by the ‘treated’ person. For example, obtaining a university degree, participation in 
an employment training scheme, or of particular relevance for the current discussion, becoming a 
parent can all represent valid treatments within this framework. Treatments may also be continuous 
or have multiple possible streams, but that is beyond the scope of the current discussion, which 
focusses on the binary treated/not treated case.  
For a specific individual, the treatment effect is defined conceptually as the value of the outcome 
when the treatment is received less the value of the outcome when treatment is not received. As 
only one of these two states (treated/not treated) is observed in practice, the treatment effects are not 
directly observed, but must rather be estimated by comparing treated individuals with otherwise-
similar untreated individuals (Morgan & Winship 2007). The resulting estimates are of course 
averages over some group, rather than the (unobservable) individual treatment effects.  
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Because people select (or are selected) into treatment on the basis of prior characteristics and 
experiences, as well as their expectation of potential benefits accruing from treatment, it is usual for 
treated and untreated groups to differ substantially before treatment is entered into, which is 
referred to as ‘pre-treatment heterogeneity’. Pre-treatment heterogeneity represents a major obstacle 
for analysis, because any observed post-treatment differences in outcomes may be attributable to 
existing differences rather than the treatment per se. The propensity score is important because, as 
Austin (2011: 402) states, ‘the propensity score is a balancing score’. This means that conditional 
on the propensity score, the distribution of pre-treatment covariates is equivalent between treated 
and untreated groups. Thus, the major goal of propensity score analysis is to pre-process the data so 
as to achieve balance – equivalent distributions of all observed pre-treatment covariates between 
treated and untreated groups.  
The effect of a treatment may differ for groups and individuals (‘treatment effect heterogeneity’). 
Because treatment effects vary, there exist a number of possible estimands for propensity score 
approaches, the most common of which are the ‘average treatment effect’ (ATE) and ‘average 
treatment effect among the treated’ (ATT). The ATE is the average treatment effect for the whole 
population under study, whereas the ATT is the average treatment effect among those who actually 
receive the treatment. Choosing between the ATE and ATT depends primarily on the research 
question and possible actions under consideration. For example, if the object of analysis is to assess 
how effectively an existing program is improving the outcomes of recipients, then the ATT is likely 
the estimand of choice. Alternatively, if the question pertains to the likely consequence of extending 
treatment to a broader population, then the ATE may be more suitable. It is also important to note 
that if large segments of the population are very unlikely to receive treatment, then the ATE may 
not be a meaningful or practically estimable quantity due to the lack of comparable treated subjects 
in these population groups.  
As the true propensity score is not typically known in observational studies, it is typically estimated 
from the data. The most common approach at this step is to fit a logistic regression model with 
treatment status as the dependent variable and the set of relevant pre-treatment covariates as 
predictors, save the predicted probabilities from the model to use as the estimated propensity score, 
however there are several alternative methods available. For the purposes of the analysis presented 
in chapter 7, propensity scores were estimated using Generalized Boosted Models (GBM) (also 
known by a number of other names including Gradient Boosting Machine or Boosted Regression 
Trees) (Hastie, Tibshirani & Friedman 2009; McCaffrey et al. 2013; McCaffrey, Ridgeway & 
Morral 2004). GBMs are an ensemble method, meaning that it attempts to construct a prediction by 
fitting many weak predictive models (in this case low-depth regression trees) and averaging 
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together the results. The GBM has been shown to have a number of important advantages over 
logistic regression, including improved balance on pre-treatment covariates (when combined with 
IPTW) insensitivity to outliers or monotonic transformations of predictors, and the fact that the 
analyst need not know in advance the appropriate form of the relationship(s) between the pre-
treatment covariates and the probability of treatment. The trade-off is that for an academic 
community accustomed to regression based output, GBMs are likely to appear opaque and hard to 
interpret. However, given that the goal of the analysis is to achieve balance between treated and 
untreated groups, rather than offer a substantive interpretation of the parameters of the propensity 
score model, this trade-off was thought to be acceptable.  
The model iterates through several steps, which are repeated many times in order to arrive at the 
final prediction. First, for data comprised of a binary treatment variable and a set of pre-treatment 
covariates (that may be continuous, binary, or categorical), fit a logistic regression tree with k 
terminal nodes (small values of k are typically chosen for GBMs). The logistic regression tree 
performs a series of binary splits (for example, age greater than 25, vs. age less than or equal to 25) 
that effectively partition the data into k subsets, for which a homogenous prediction is made. 
Second, take the residuals, and construct a set of weights that increase the importance of 
observations that are poorly predicted by the current model. The next iteration begins by fitting a 
new tree to the weighted residuals, and the process repeats sequentially updating the model. The 
fitting process repeats for a pre-set number of iterations, and the model that produces (after IPTW 
weights are applied as described below) the best balance between treated and untreated subjects is 
retained. If sufficient iterations have been conducted, this will likely be a model somewhere in the 
middle of the series, as the quality of the weights will start to decline as the model becomes over-
fitted. However, if the balance is still improving at the maximum number of iterations, it is 
recommended that the model be refitted with an increased number of iterations.  
For the analysis in chapter 7, parents are divided into groups on the basis of their age at first birth. 
To allow for differences in the process of selection into parenthood at different ages, propensity 
scores are estimated separately within each age group and for men and women. As the data are 
multiply imputed, the propensity score is estimated separately within each imputed dataset, and the 
resulting m estimates are averaged across estimations for each individual to give a single estimate 
for use in subsequent analysis. This sequence was chosen on the basis of a simulation study by 
Mitra and Reiter (2016), who found that it produced marginally greater bias reduction than 
alternative strategies (such as estimating the final models using different estimates of the propensity 
score within each imputed dataset, and averaging the resulting parameter estimates) when 
combining MICE with propensity score methods.  
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Once the propensity scores have been estimated, the next step is to calculate IPTW weights. 
Depending on the desired estimand (ATE or ATT) this involves different calculations, however, as 
the later analysis aims to estimate the ATT the present discussion will focus only on the 
construction and application of ATT weights. Recalling that the ATT is the effect of treatment 
among those who actually were treated, the goal of ATT weighting is to construct a set of weights 
such that the weighted distributions of pre-treatment covariates among the untreated group 
approximates the observed unweighted distributions among the treated group. In practice, this 
means that the treated group receive a weight of 1, while among the untreated those who are 
otherwise similar to the treated receive higher weights. Following Austin and Stuart (2015), if we 
take p as the estimated propensity score and T as a binary treatment variable with values 1 = treated 
and 0 = untreated, then the ATT weights are calculated as:  
                                                       (10) 
Since the numerator of the second term is zero for treated subjects, they receive a weight of 1. 
Conversely, for untreated subjects the calculation simplifies to , the estimated odds of treatment.  
Finally, the effect of treatment is assessed by fitting a model of the outcome on treatment status as 
usual, weighting as described above. If adequate balance has been achieved through the weighting 
process, then no further adjustment is necessary. However, if there is residual imbalance between 
treated and untreated groups that the weighting process has failed to remove, then it may be 
desirable to include those pre-treatment covariates that remain imbalanced in the regression model, 
a strategy known as ‘doubly robust’ estimation (Bang & Robins 2005). Doubly robust estimation is 
advantageous because the estimated treatment effect is consistent if either the propensity score 
model or the regression model is correctly specified.  
3.3.5 Sequence analysis  
‘Sequence analysis’ refers to a family of non-parametric methods for identifying common 
longitudinal patterns in categorical data (Abbott 1995; Aisenbrey & Fasang 2010). Raw data for the 
analysis consist of a series of ordered categorical states for each unit of analysis, which are indexed 
to discrete values of ‘time’. For instance, the data may consist of a series of age- or year-specific 
employment statuses for each person in the analysis. First developed in bioinformatics, sequence 
analysis was introduced to the social sciences by Abbott (1983, 1995; Abbott & Forrest 1986; 
Abbott & Tsay 2000), and has recently experienced a surge in popularity, with researchers using the 
method to investigate trajectories of labour market, family, and housing states. For example, 
Spallek, Haynes and Jones (2014) investigate housing pathways in tandem with family formation, 
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Fasang and Raab (2014) explore intergenerational similarity in patterns of family formation, and 
Sabbath et al. (2015) assess the links between work-family life course patterns and women’s long-
run mortality risk.  
Sequence analysis is useful to life course analysis because of its’ ability to capture whole 
trajectories, in contrast to more traditional methods such as event history analysis, which ignore the 
broader history within which single events are embedded (Abbott 1995). Isolating single events in 
this manner can often represent a useful strategy, but does not offer a holistic representation of the 
life course.  
Sequence analysis typically proceeds in three broad stages. First, it is necessary to assign some 
quantitative value to the ‘differences’ between possible states – the substitution costs (depending on 
the choice of method in the second stage a cost may also be specified in order to ‘delete’ or ‘insert’ 
a state in the sequence – the ‘indel’ cost). Assigning costs can be accomplished in a number of 
ways, including uniform substitution costs (where all states are assumed to be equally different), 
data-driven costs (often based on the frequency of transitions between any pair of states, on the 
assumption that if there are many transitions between two states, those states are more ‘similar’), or 
otherwise specified by the analyst in order to conform with theoretical assumptions.  
In the second stage, the substitution costs are used to produce an n by n dissimilarity matrix 
containing a summary measure of how much each pair of observations differ from each other. A 
number of methods are available at this stage, with the most common being ‘optimal matching’ 
(OM) which seeks to find, for each pair of observations, the cheapest way to transform one 
observation’s sequence into that corresponding to the other through a series of substitutions, 
insertions, or deletions (Levenshtein 1966). Sequences with many common elements (or many 
states that are deemed to be comparatively ‘similar’ by the substitution costs set in the first stage) 
will require less and/or less costly operations, and are therefore rated as more similar to each other. 
A common alternative to OM, Hamming distance, uses only substitution and not insertion/deletion 
to achieve the same goal (Hamming 1950). The choice of method depends on which aspects of the 
sequences – for example timing of states or order of states – are of particular importance to the 
analysis, as well as whether the sequences are of equal length. Because OM permits 
insertions/deletions, it is able to analyse sequences with variable lengths (since excess states in the 
longer sequence can be ‘trimmed’ to arrive at the shorter sequence), which may represent a key 
advantage in some circumstances. However, insertion/deletion operations also present a risk of 
‘time warping’ (Lesnard 2006) as similar sub-sequences which occur at different times may be 
dragged forward or back in order to match the sequences. OM therefore de-emphasises the timing of 
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events within a sequence, and if timing is a critical issue it may be preferable to employ Hamming 
distance in order to avoid this issue.  
Third, the completed dissimilarity matrix can be processed in several ways, including cluster 
analysis (Everitt et al. 2011), discrepancy analysis (Studer et al. 2011), or multidimensional scaling 
(Borg, Groenen & Mair 2013). Of these, the most common is some form of cluster analysis, which I 
focus on here. Cluster analysis proceeds from the dissimilarity matrix created in the earlier step and 
attempts to find a smaller number of groups present in the data by minimizing variation within each 
cluster while maximizing variation between clusters. While this is often construed as a process of 
‘discovering’ hidden or latent groups, it is important to note that cluster analysis can equally be 
viewed as a data reduction tool (Everitt et al. 2011). In this case, the object of the analysis is to 
efficiently group together persons who experience similar sequence patterns, without the 
assumption that the observed similarity is caused by unobserved membership of some discrete 
classes.  
Once again, a variety of specific clustering algorithms are available. In this thesis, agglomerative 
clustering is used. Agglomerative clustering methods work ‘up’ from the initially ungrouped data, 
progressively joining together the most similar observations into a smaller number of larger 
groupings (Everitt et al. 2011). There are two key decisions for the analyst to make: 1) the linkage 
function to be used, and 2) the number of clusters (k) to stop at. The linkage function defines how 
the algorithm ‘decides’ which clusters/observations are least dissimilar, and should therefore be 
joined together in the next iteration of the clustering process. The most basic options include single 
linkage or complete linkage methods, where the clustering criterion is respectively the minimum or 
maximum distance between single observations in existing clusters. These methods have the benefit 
of simplicity and can be useful in finding clusters of particular shapes, but because they base the 
clustering criterion on single observations located at the edges of existing clusters they may be 
overly sensitive to those observations, and run the risk of ‘chaining’ together very different groups 
of observations via a small number of disparate cases. To address this issue, there are a number of 
alternative linkage functions, including average linkage and Ward’s method. Average linkage 
simply uses the average dissimilarity between pairs of observations in the candidate clusters, and 
Ward’s method uses the increase in within-cluster variance that would result from merging two 
existing clusters. Ward’s method has the advantage that it tends to produce fewer very small 
clusters than average linkage (since merging groups of one or two outlying observations has less 
potential to impact on within cluster variance than merging larger groups at the same distance, 
whereas the average dissimilarity is blind to the number of observations in the candidate clusters) 
(Everitt et al. 2011). Insofar as very small clusters are of limited value for further analysis, Ward’s 
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method may represent the optimal choice if the resulting clusters are to serve as input for later work 
– for example as a dependant or independent variable in a predictive model.  
The decision about how many clusters to extract is typically made on the basis of a mixture of 
theoretical and empirical criteria. Theoretically, the decision depends on the analyst’s judgement 
about the interpretability and practical suitability (with respect to the research questions at hand) of 
a solution with k clusters. Empirically, the choice of k can be made with reference to many possible 
criteria (e.g. Calinski-Harabasz index; average Silhouette), dependant in part on motivation for 
clustering. If the cluster analysis proceeds from the assumption that the analysis is ‘discovering’ 
latent really-existing groups, then it is clearly imperative to extract the ‘correct’ number of clusters. 
In this case, the empirical criteria assume greater importance, and the choice of k will largely focus 
on maximizing between-cluster variation while minimizing within cluster variation. Alternatively, if 
the motivation for performing cluster analysis is data reduction, then it is of greater importance to 
find a parsimonious cluster solution which efficiently capture the variation in the data.   
Finally, while most applications of sequence analysis have until recently been focussed on only a 
single categorical variable trajectory, more recent developments now permit the analyst to 
incorporate multiple trajectories – for example labour market, housing, and family formation 
statuses – simultaneously. This is referred to as ‘multi-channel sequence analysis’ (Gauthier et al. 
20). The primary difference is in the creation of the dissimilarity matrix, which gains some 
additional complexity. After the dissimilarity matrix is created however, analysis proceeds in the 
same manner as for more common single-channel sequence analysis methods. 
3.4 Conclusion 
This chapter has provided an overview of the data and analytic methods that will be used in the 
thesis. With the exception of multiple imputation, which is used throughout the thesis, these 
methods are useful for different purposes and are consequently employed selectively in the 
following empirical chapters. Chapter 4, which seeks to understand the associations between 
holistic life course trajectories of family formation and later life trajectories of physical health, uses 
a combination of multichannel sequence analysis (to group together respondents with similar family 
formation patterns) and growth models (to evaluate how family formation is linked to later-life 
health. Chapter 5 aims to provide an account of how early-life circumstances are linked to selection 
into different first birth timings, and therefore presents descriptive statistics and multinomial 
logistic regression (Long & Freese 2003) to assess what factors predict ‘early’, ‘on time’, or ‘late’ 
parenthood. Chapter 6 again uses growth models to answer the question of how fertility timing is 
linked to later-life physical health. Finally, Chapter 7 seeks to discover plausible mechanisms for an 
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effect of fertility timing on health, and therefore focusses on changes in health behaviour and socio-
economic hardship over the parenthood transition. To achieve this, fixed-effects or hybrid models 
are combined with inverse probability of treatment weighting. The fixed-effects/hybrid modelling 
approach accounts for time-constant effects of time-invariant confounders (observed or 
unobserved), and is complemented by inverse probability of treatment weighting to ‘balance’ 
observed background characteristics between different fertility timing groups, thereby ameliorating 
confounding from any time-varying effects of background characteristics. Methods for each chapter 
are therefore selected to suit the empirical problems at hand.  
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Chapter 4: The Family Life Course and Health: Partnership and Fertility 
Histories and Physical Health Trajectories in Later Life 
This chapter has previously appeared in print, and is reproduced here with permission from 
the journal. The chapter has been edited slightly from the published version to avoid 
repetition.  
O’Flaherty, M, Baxter, J, Haynes, M, & Turrell, G 2016, ‘The family life course and health: 
Partnership, fertility histories, and later-life physical health trajectories in Australia’, 
Demography, vol. 53, no. 3, pp. 777-804.  
4.1 Introduction 
Marriage and parenthood have been shown to be associated with diverse health outcomes 
(Carr & Springer 2010; Umberson, Pudrovska & Reczek 2010). Until recently, most of this 
work has focused on cross-sectional associations between family statuses and health, or 
short-term changes in health associated with family transitions. Such analyses are limited in 
their ability to examine the lifelong histories of biological, social, and psychological 
development reflected in observed health differences. Drawing on life course traditions in 
sociology (Elder 1985; Elder & Giele 2009) and epidemiology (Kuh & Ben-Shlomo 2004; 
Kuh et al. 2003; Lynch & Smith 2005), a new body of research has emerged which links 
distinguishing characteristics of marital and fertility trajectories (observed over an extended 
period of the adult life course) to health outcomes distant in time. This work aims to 
characterize marital and fertility trajectories by the occurrence and timing of significant 
events such as marriage, divorce, or childbirth in order to ascertain whether particular types 
of family life courses are associated with later health (e.g. Dupre & Meadows 2007; Hughes 
& Waite 2009; Grundy & Kravdal 2010).  
With some notable exceptions (Henretta 2007; Kravdal et al. 2012; Sabbath et al. 2015; 
Williams et al. 2011), most research has focused on marital or fertility histories as 
independent predictors of health. However, there are compelling reasons to suggest that 
marital and fertility trajectories will be interdependently related to health. As Macmillan and 
Copher (2005) argue, marital and fertility histories are deeply entangled, as the resources and 
demands associated with a role in one social domain may complement or conflict with the 
performance of other roles. The cross social domain dependencies (e.g. between marriage and 
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parenthood, or work and family) modify the experience and consequences of each role 
contingent on the other roles occupied by an individual.  
Empirical support for the interdependent effects of marriage and fertility on long-term health 
emerges from a small group of studies that have considered the issue. For instance, Alter, 
Dribe and Van Poppel (2007) found that high fertility led to excess mortality for women 
widowed early in their lives, but that this effect diminished with older age at widowhood. 
Kravdal et al. (2012) also analyzed mortality and found multiple interdependent effects of 
fertility and partnership histories. For instance, multi-partner fertility, an interaction of parity 
and marital history, and the timing of fertility and marital events vis-à-vis one another were 
all related to mortality. Last, both Henretta (2007) and Williams et al. (2011) found that a 
non-marital birth was negatively associated with women’s health later in life, with Williams 
and colleagues also reporting that this effect depended on the woman’s subsequent marital 
relationship with the father. Both theory and empirical evidence therefore suggest the 
importance of research which addresses the question of how marital and fertility trajectories 
jointly influence health.   
This chapter contributes to our understanding of the long term health consequences of marital 
and fertility trajectories by using a ‘holistic’ classification of marital and fertility trajectories 
from ages 18-50 to predict later life physical health, measured using the physical health 
component of the SF-36 (Ware, Kosinski & Gandek 2000). While several previous studies 
have examined joint fertility and partnership history classifications in relation to different 
aspects of health or at different life stages (Barban 2013; Kravdal et al. 2012), we are 
unaware of any previous work which has considered how long term family life course 
trajectories are implicated in physical health in middle and older age. Consistent with life 
course theory (Elder 1985; Macmillan & Copher 2005), we use  multi-channel sequence 
analysis (Gauthier et al. 2010) to group persons with  similar family life course trajectories, 
incorporating the occurrence, number and timing of fertility and marital events (childbirth, 
marriage, and marital disruption).  
4.2 Conceptual background 
The conceptual framework outlined in chapter 2 included several concepts that are important 
for the analysis conducted in this chapter. First, we may note that individuals’ roles are 
organized both temporally – into ‘trajectories’ of roles occupied sequentially over the life of 
an individual (Elder & Giele 2009; George 2009) – and across social domains – into ‘role 
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configurations’ (Macmillan & Copher 2005) which index the multiple roles occupied by an 
individual. Within this broader framework, the role trajectories most typically associated with 
‘the family’ – partnership and parenthood – may be referred to as the family life course. We 
therefore define ‘family life course trajectory’ as the combined history of partnership and 
parenting roles occupied by an individual over their life course. 
Successful role-performance, across multiple roles, both grants access to resources and 
demands the application of resources. There is consequently dynamic tension between the 
role configuration occupied by an actor and the resource set available to them for role 
performance (and other behaviors). This observation links the family life course to broader 
stratification processes through the concept of ‘cumulative advantage’ (Dannefer 2003; 
DiPrete & Eirich 2006; O'Rand 2002). As illustrated in figure 2.1, life course stratification 
may therefore be conceptualized as a multi-dimensional cumulative advantage process, based 
upon individuals’ evolving resource set and role configuration. 
In turn, family life course trajectories may link to the ‘accumulation of risk’ process in 
several distinct ways. First, role-performance may involve health-related behaviors directly. 
For example, marriage is commonly associated with the expectation of ‘cleaning up one’s 
act’, and consequently desisting from or limiting alcohol and substance use (Duncan, 
Wilkerson & England 2006). Resource constraints arising from role-performance demands 
and the cumulative advantage process may also independently limit actors’ ability to pursue 
healthy behaviors.  
‘Timing’ likely plays an important part in these processes. Transition timing is significant as 
‘off-time’ transitions are more likely to entail role-performance expectations without the 
appropriate resource set. This may lead to role-performance failure, either in the new social 
role or in other concurrent roles, contributing to the cumulative advantage process. Applied to 
multiple transitions, transition timing implies duration (cumulative time in a particular role) 
and sequencing (temporal ordering of roles) (Barrett 2000; Dupre & Meadows 2007).  
Finally, it is important to note that life course pathways are strongly patterned by gender; 
women and men typically occupy different role configurations over the life course and 
command different resource sets (Bianchi, Robinson & Milkie 2006; Chesters, Baxter & 
Western 2009). For instance, gender role ideologies dominant in mid-20th century western 
nations, position women as responsible for unpaid ‘care’ work, in particular childcare and 
housework, and concomitantly presuppose that women will cease labor market participation 
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upon marriage. Men on the other hand were expected to act in the family as ‘breadwinners’, 
employed full-time with little responsibility for the home. Over the latter half of the 20th 
century this division has weakened considerably (but not disappeared), with Australian 
women’s labor force participation increasing from 34% in 1961 to 59% in 2011, a change 
which has been driven by women aged 25-59 (ABS 2011). Part-time employment now 
represents a large share of women’s employment at all ages, particularly for those aged 15-24 
and 35-59. For men, overall labor force participation has decreased from 82% to 72% from 
1961-2011. Part-time work has also increased for men, but is concentrated at younger and 
older ages, with less than 10% of men aged 25-59 working part-time. Hours spent on 
housework has also become more equal due to a large reduction in women’s housework time 
(Baxter 2002), although women’s housework time remains strongly tied to partnership and 
fertility transitions while men’s is largely unresponsive (Baxter, Hewitt & Haynes 2008). 
These patterns suggest that family life course trajectories are likely to have different health 
consequences depending on sex.  
4.3 Empirical literature review 
4.3.1 Fertility history and health  
Perhaps the most heavily studied aspect of fertility history is parity (number of live births), 
which is associated with numerous disease and mortality outcomes (Grundy & Kravdal 2010; 
Hurt, Ronsmans & Thomas 2006). Typically, studies report a U or J-shaped relationship 
between parity and all-cause mortality (Doblhammer 2000; Hurt, Ronsmans & Thomas. 
2006) or cardiovascular disease (Jaffe, Eisenbach & Manor 2011; Lawlor et al. 2003; Parikh 
et al. 2010), a positive relationship between parity and type-II diabetes (Mueller et al. 2013; 
Nicholson et al. 2006), and a variable (although more commonly negative) relationship for 
different cancers (Guan et al. 2013; Kaae et al. 2007; Kelsey, Gammon & John 1993; 
Molokwu, Prizment & Folsom 2007). As research linking parity to health has principally 
focused on direct physiological consequences of pregnancy and childbearing, most studies 
have excluded men. Those which include men find that for all-cause mortality and most 
disease types a similar relationship holds for both sexes (Grundy & Kravdal 2008; Keizer, 
Dykstra & van Lenthe 2012; Kravdal 1995; Lawlor et al. 2003), suggesting that the bulk of 
the association between parity and health may be attributable to behavioral changes.  
Studies linking parity to general or functional health status in later life are less common. In 
the earliest study we are aware of, Kington, Lillard and Rogowski (1997) reported that 
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women’s parity was negatively associated with general health and that parities of six or 
higher were associated with an increased likelihood of physical role limitation. A number of 
studies have since confirmed a negative relationship between high parities and general or 
self-rated health status for women (Grundy & Holt 2000; Read, Grundy & Wolf 2011; Sudha 
et al. 2006), although Hank (2010) found that high parity was positively related to self-rated 
health for West German women, and not related for their East German counterparts  Hank 
(2010) also found that high parity was positively associated with self-rated health for West 
German men, while Read and Grundy (2010) found an inconsistent relationship for British 
men. Several studies also examined Activities of Daily Living (ADL) limitations or the 
presence of a disability or health limitation, but present conflicting results. Spence (2008) and 
Engelman et al. (2010) examined women’s parity in relation to ADL limitations and found 
non-significant results. However, Grundy and Holt (2000), Grundy and Tomassini (2005), 
Akin et al. (2010), and Aiken, Angel and Miles (2012) found that high parity was associated 
with increased likelihood of disability or health limitation for women, and Read, Grundy and 
Wolf (2011) found that both women without children and those with four or more children 
had an elevated risk of health limitations. For men, Engelman et al. (2010) found that parity 
was positively related to number of ADL limitations in Egypt and Read, Grundy and Wolf 
(2011) report that men with three or more children had more health limitations.  
Age at first birth has also been linked with health outcomes (Grundy & Kravdal 2008; 
Grundy & Tomassini 2005; Merrill et al. 2005; Mirowsky 2002, 2005; Spence & Eberstein 
2009). For women, most studies find a negative association between age at first birth (often 
defined categorically as ‘on time’ vs ‘early’ first birth) and mortality risk (Doblhammer 2000; 
Grundy 2009; Grundy & Kravdal 2008; Grundy & Tomassini 2005). This relationship has 
been reported also for cardiovascular disease mortality (Chang et al. 2011), diabetes related 
mortality (Vandenheede et al. 2012), and various other causes of death (Grundy & Kravdal 
2010). Mirowsky (2002, 2005) finds an ‘optimal’ age at first birth for women’s health in the 
early-thirties, and a negative linear relationship between age at first birth and mortality risk. 
Early first births have also been found to increase men’s likelihood of death and chronic 
disease (Grundy & Kravdal 2008, 2010; Mirowsky 2002; Pudrovska & Carr 2009). Poorer 
general health and higher risk of disability or health limitations have also been found to be 
linked to early first births for men and women (Grundy & Holt 2000; Grundy & Tomassini 
2005; Hank 2010; Kington, Lillard & Rogowski 1997; Read, Grundy & Wolf 2011; Spence 
2008). In sum, early age at first birth has been consistently linked to poorer later-life 
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outcomes across multiple aspects of health for men and women, with the exception of some 
cancers.  
4.3.2 Marital history and health  
Research linking marital histories to health has studied several distinct aspects, including 
cumulative time spent in different states (e.g. married; divorced; widowed), age at first 
marriage, and the number of marital disruptions (divorce; separation; widowhood). These 
characteristics are hypothesized to affect health in a number of ways. Time spent married is 
argued to be positively related to health due to the cumulative effects of social, emotional, 
and financial support from one’s partner and social control of deleterious health-related 
behaviors (Bachman et al. 2014; Dupre & Meadows 2007). Empirically, this association has 
been supported by several studies, for outcomes including self-rated health (Grundy & Holt 
2000), disability (Grundy & Holt 2000), incident chronic disease (Dupre & Meadows 2007), 
and mortality (Brockmann & Klein 2004; Dupre, Beck & Meadows 2009; Henretta 2010; 
Lund, Holstein & Osler 2004). McFarland, Hayward and Brown (2013) found that 
accumulated marital duration was negatively associated with biological markers of 
cardiovascular risk (but not metabolic risk or inflammation risk) in women, but not 
significantly related to biological risk markers in men. A number of studies also show that 
time spent in a ‘disrupted’ marital state (divorce/separation/widowhood) is negatively related 
to health (Berntsen & Kravdal 2012; Dupre & Meadows 2007; Hughes & Waite 2009).  
Age at first marriage occupies an ambiguous position in this literature. On one hand, earlier 
age at first marriage implies, ceteris paribus, longer accumulated marriage duration and thus 
better health. However, early age at first marriage has also been linked to disadvantaged 
socio-economic pathways and increased likelihood of marital disruption (Alexander & 
Reilley 1981; Booth & Edwards 1985; Heaton 1991). In conjunction with the hypothesized 
effect of marriage duration, this suggests a non-linear relationship, with an ‘optimum’ time 
for marriage which does not interfere with educational and labor market participation, but 
maximizes the health benefits of marriage. Available research tends to support the idea that 
an early marriage is detrimental to health outcomes (Dupre, Beck & Meadows 2009; Grundy 
& Holt 2000), however some studies also find that late marriage is protective or report a 
positive linear relationship between age at marriage and health (Dupre, Beck & Meadows 
2009; Hughes & Waite 2009; McFarland, Hayward & Brown 2013). Contradictory evidence 
has also been found by Henretta (2010, who did not find any significant evidence for a 
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relationship between age at marriage and mortality, and Brockmann and Klein (2004), who 
found that older age at marriage was positively related to mortality. There is therefore 
considerable uncertainty regarding the association between age at marriage and health 
outcomes.  
Marital disruptions are the third major component of marital trajectories which has been 
linked to health outcomes. In addition to reducing marriage duration, marital disruptions are 
commonly argued to represent major stressful life events with separate negative health 
consequences (Booth & Amato 1991). Research finds mixed support for this conjecture. 
Several studies report that although marital disruptions impact on health in the short term, 
these effects dissipate over time (Thierry 2000; Williams & Umberson 2004). Conversely, 
multiple studies find that the presence and number of marital disruptions is harmful for later 
health, including mortality (Blomgren et al. 2012; Dupre, Beck & Meadows 2009; Henretta 
2010), chronic conditions (Dupre & Meadows 2007; Hughes & Waite 2009; Zhang 2006), 
mobility limitations (Hughes & Waite 2009), and biological risk markers (McFarland, 
Hayward & Brown 2013).  
4.3.3 Joint effects of marital and fertility histories on health 
Only a limited number of studies have considered joint long term effects of fertility and 
partnership histories on health, and those that do, typically address only interactions between 
limited aspects of each. Both Henretta (2007) and Williams et al. (2011) examined how 
marital status at first birth affects women’s subsequent health. These studies found that a non-
marital first birth reduced women’s health much later, across multiple dimensions of health 
including self-rated health, mortality, and chronic disease. Williams et al. (2011) additionally 
found that this effect was ameliorated for women who later entered into an enduring marriage 
with the child’s biological father. Barban (2013) investigated how family formation 
trajectories (incorporating fertility and partnership histories from ages 15-30) were associated 
with women’s self-reported health, depression, smoking, and drinking at ages 30-32, and 
found that trajectories characterized by single motherhood and long term cohabitation had 
poorer self-rated health and (for cohabiters) increased depressive symptoms compared to the 
‘late transitions’ group with delayed family formation. Similarly, Sabbath et al. (2015) 
modelled all-cause mortality risk among U.S. women in relation to their family histories, 
finding that single-mothers and non-working married mothers exhibited higher mortality risk 
than married mothers with consistent employment histories.  
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Alter, Dribe, and Van Poppel (2007) found that high parity was associated with elevated 
mortality risk among widowed women in 19th century Europe, but that this excess risk was 
attenuated when the widowhood occurred at an older age. They interpret this to mean that 
younger children place demands on the widow’s resources, leading to elevated poverty, 
stress, and mortality, whereas older children would have helped the family through 
employment. Kravdal et al. (2012) also examined mortality, using Norwegian register data. 
Due to the large number of observations in their data, they were able to construct a fine 
grained joint classification of fertility and partnership histories, including information on 
current marital status, previous experience of marital disruptions, number of children, and 
multi-partner fertility. Their results both confirm some previous observations regarding 
separate effects of fertility and partnership histories and indicate some interdependence. For 
instance, they find that parity was more strongly related to mortality among never-married 
than among the currently or previously married, that multi-partner fertility was associated 
with increased mortality, and that the effect of divorce depended (in particular for men) on 
the age of the oldest child at the time of the disruption (Kravdal et al. 2012). The limited 
available evidence therefore supports the suggestion that considerable interdependence is 
likely to exist in the processes whereby fertility and partnership histories contribute to later 
life health outcomes. Of the studies we are aware of, only three have used a comprehensive 
measure of family life course trajectories, and have only examined self-rated health at a 
relatively young age (Barban 2013) and mortality (Kravdal et al. 2012).  
4.3.4 Summary 
Epidemiologic theory (Kuh et al. 2003) indicates that health disparities develop gradually 
over adulthood, suggesting that point-in-time measures of fertility or partnership statuses may 
not adequately capture the links between these factors and health. Fertility and partnership 
roles are furthermore deeply interrelated (Macmillan and Copher 2005), as the resources and 
demands associated with one role may modify the experience of another. Consequently, 
research which addresses how whole family life course trajectories are linked to later life 
health is likely to offer additional insights. Previous studies which have investigated this topic 
indicate that family life course trajectories are linked to mortality (Kravdal et al. 2012) and 
self-rated health at age 30-32 (Barban 2013). However, no studies have examined how family 
life course trajectories (incorporating fertility and partnership domains) are related to general 
and functional health at older ages. This paper therefore contributes to the literature by 
examining this question.  
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4.4 Data and methods 
4.4.1 Sample and variables 
Data for the research were extracted from waves 1-11 of the HILDA survey, which has been 
described in section 3.1. For the purposes of the analysis, the sample was restricted to original 
sample members aged 51 or older at baseline in 2001, which results in a final analytical 
sample of 4,615 persons. Restricting the sample to older persons is necessary for two reasons. 
First, it allows us to operationalize family life course trajectories over a consistent age-range 
(18-50) for each individual. Second, focusing on older persons ensures that there is adequate 
variation in the key health measure examined below.  
Summary statistics for all variables included in the analyses are presented in table 4.1. Data 
missing due to non-response or survey attrition (but not respondent mortality) on covariates 
(including family life course group) and the health outcomes were imputed using multiple 
imputation by chained estimates (Little & Rubin 2002; van Buuren 2007; White, Royston & 
Wood 2011) in Stata 13.0. In order to allow fully for any potential differences in the patterns 
of associations between men and women, imputation was performed separately by sex.  
The primary outcome is the physical health component of the SF-36 (Butterworth & Crosier 
2004; Ware, Kosinski & Gandek 2000). The construction of this variable has been described 
in section 3.2.1.  
Family life course group was the primary explanatory variable. The derivation of this variable 
is described in detail below, however in broad terms it is a (retrospective) classification of 
different family life course patterns over the adult life course, from ages 18-50. The reliability 
of the raw items has been discussed above in section 3.2.2. 
Background covariates in the analyses include age (at baseline in 2001), sex, 
immigration/indigenous status, father’s occupational status at age 14, education7, family 
status at age 14, number of siblings, self-reported health in childhood (before age 15), 
parents’ smoking in childhood (yes/no at any stage of childhood), whether the respondent 
ever missed a month of school due to poor health in childhood, height (measured at the time 
of the survey and centred within age-group and sex), and mother’s/father’s ages at death. 
                                                 
7 As education can overlap with the start of the family life course it is possible that it mediates rather than 
confounds the association between family life course trajectory and later life health. However, as education is a 
powerful predictor of health, and is completed early in life for most respondents, it was considered preferable on 
balance to control for it. Excluding education from the models does not alter our findings.  
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Table 4.1: Summary statistics – mean (standard deviation) or percent  
 Imputed % Unimputed Completed 
Physical health (2001) 14.5 50.7 (10.1) 50.3 (10.7) 
Family life course trajectory    
‘Standard – moderate fertility’ 7.7 17.9 17.9 
‘Standard – high fertility’  15.6 15.6 
‘Early standard – low fertility’  20.4 20.2 
‘Early standard – moderate fertility’  9.5 9.5 
‘Early standard – high fertility’   7.3 7.3 
‘Late family formation’  3.5 3.6 
‘Pre-marital birth’  2.2 2.2 
‘Marriage without children’  4.2 4.2 
‘No family formation’  6.0 6.0 
‘Late marital disruption with children’   3.1 3.1 
‘Early marital disruption with children’  3.0 3.0 
‘Remarriage – children 1st marriage’  4.2 4.1 
‘Remarriage – no children 1st marriage’  1.1 1.1 
‘Disrupted marital history – high fertility’   2.1 2.1 
Demographics/Childhood environment    
Age (2001) 0.0 64.1 (9.8) N/A(a) 
Female 0.0 52.4 N/A(a) 
Immigration/indigenous status:    
3+ generation Australian 3.6 55.7 55.8 
2nd generation immigrant  10.7 10.8 
1st generation immigrant – English speaking 
background 
 16.8 16.7 
1st generation immigrant – non-English 
speaking background 
 15.9 15.8 
Aboriginal or Torres Strait Islander  1.0 1.0 
Highest completed educational qualification    
Less than complete secondary school 0.1 53.4 53.4 
Completed secondary school  7.5 7.5 
Certificate/diploma  26.9 26.9 
Bachelors’ degree or higher  12.3 12.3 
Father’s occupational status 3.0 39.4 (19.6) 38.6 (20.4) 
Number of siblings 0.2 3.0 (1.9) 3.0 (1.9) 
Self-reported general health in childhood 36.4 1.7 (1.0) 1.8 (1.4) 
Either parent smoked 36.6 71.2 69.5 
Missed a month of school due to poor health 36.4 12.0 15.7 
Height (centimeters deviation from age X 
sex mean) 
29.5 0.0 (6.9) -0.1 (9.6) 
Father survival status    
Died aged < 60 41.2 18.3 20.9 
Died age 60-74  29.5 28.7 
Died age 75+ / Not deceased  52.3 50.4 
Mother survival status    
Died aged < 60 39.2 10.8 14.2 
Died age 60-74  20.5 20.6 
Died age 75+ / Not deceased  68.7 65.2 
Family situation at age 14:    
Living with both biological parents 0.0 81.7 N/A(a) 
Step-family  3.0  
Single parent family   10.4  
Other (e.g. living with grandparents)  4.8  
Percentages may not sum to 100 due to rounding; (a) Not Applicable as no cases were imputed.  
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These variables were selected in order to account as fully as possible for early life 
environments which might confound the association between family life course trajectory and 
health.  
4.4.2 Data analysis strategy 
Data analysis proceeded in two broad stages. In the first stage, sample members with similar 
fertility and partnership histories from ages 18-50 are grouped together using sequence 
analysis (Abbott and Tsay 2000). The resulting classification of family life course trajectories 
forms the primary independent variable for the second stage of analysis, where physical 
health trajectories over the duration of the panel (when respondents are aged 51 and older) 
are analyzed using a series of latent growth models (Bollen & Curran 2006). The aim of the 
analysis is to establish how different kinds of family life course trajectories are associated 
with physical health in later life, whether the association differs by sex, age, and time, and 
whether it is robust to the inclusion of controls for a variety of childhood and early life health, 
family, and socio-economic factors which may confound the relationship.  
Sequence Analysis 
The goal of the sequence analysis was to efficiently group together persons with similar 
family life course trajectories while capturing theoretically salient variation in the different 
aspects of fertility and partnership histories hypothesized to be important for health 
outcomes, including the occurrence and timing of key events (childbirth/marriage/marital 
disruption) and the level of fertility. An alternative approach is to cross-classify the relevant 
events and timings, however, this was infeasible due to the presence of many sparse cells in 
the survey data. Because the family life course has multiple dimensions, multi-channel 
sequence analysis (Gabadinho et al. 2011; Gauthier et al. 2010) was chosen as the most 
appropriate method. Each respondent is coded on five ‘channels’ (representing different 
aspects of their fertility and partnership histories) for each year from age 18 to age 50, 
resulting in a sequence of 33 age-specific statuses for each channel. The five channels used in 
the analysis were 1) current marital status (married/not married); 2) cumulative number of 
marital transitions experienced (marriages and marital disruptions, including divorce, 
separation or widowhood); 3) number of biological children ever born to date; 4) number of 
biological children aged 0-14 born in current marriage (‘standard parenting’); and 5) number 
of biological children aged 0-14 not born in current marriage, including children not born in a 
marriage and children from a previous marriage (‘non-standard parenting’). Cohabitation was 
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excluded from consideration both because of measurement limitations (information was only 
collected on the first two cohabiting relationships) and because it was much less common 
among the cohorts included in the analysis (Dempsey & de Vaus 2004). A total of 4261 
persons with complete fertility and marital history data were included in the sequence 
analysis8. 
In this study, the Hamming distance (no insertions/deletions) with user defined substitution 
costs was chosen (substitution costs matrices are presented in table 4.2). Hamming distance 
was considered appropriate because of the conceptual centrality of timing in our analysis. The 
principal alternative, optimal matching, was discarded because allowing insertion/deletion 
may lead to distortions in timing (Lesnard 2010). Further support for this assertion is 
provided by a recent simulation study which found that Hamming based measures were 
particularly suitable for analyses focused on timing (Studer & Ritschard 2015). Hamming 
distance also has the advantage of being the simplest (and hence most transparent) alternative 
(Halpin 2014). Substitution costs were specified directly because alternatives such as unitary 
substitution costs or transition-rate based costs produced implausible results in our 
application9. Costs were chosen with the goal of giving approximately equal weight to 
partnership and fertility histories. Higher weight was given to the first instance of repeatable 
transitions (birth/marriage/marital disruption) in order to more clearly differentiate family life 
course trajectories which include these events from those which do not. For example, the 
substitution cost for zero children/one child is specified as twice the substitution cost for one 
child/two children. The pair-wise dissimilarity between any two family life course trajectories 
is equal to the sum of the 165 (5 channels by 33 years) element-wise substitution costs. 
In the second step cluster analysis was applied to the dissimilarity matrix derived from the 
sequence analysis to group together similar sequences of events. Ward’s (1963) method was 
chosen as the clustering algorithm. In this approach, a decision on the number of groups is 
required for further analysis. This decision is typically made on the basis of a mix of 
empirical indicators, visual inspection of plots, and the theoretical suitability of the obtained 
groups (Everitt et al. 2011). Examination of the clustering dendrogram initially suggested a  
                                                 
8 We impute family life course trajectory group for cases with missing sequence data prior to fitting the growth 
models.  
9 In particular, these substitution cost schemes fail to respect the natural ordering of states in the fertility and 
number of marital transitions channels. Furthermore, the alternative substitution cost schemes do not give any 
additional weight to the first instance of a given transition. This is significant for fertility, where it is reasonable 
to suggest that the distinction between ‘no children’ and ‘any children’ has some additional significance beyond 
differences in number of children. 
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Table 4.2: Substitution cost matrices 
  (a) (b) (c) (d) (e) (f) (g) 
Currently 
married 
Not married (a) 0       
Married (b) 1 0      
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0 (a) 0       
1 (b) 1 0      
2 (c) 2 1 0     
3 (d) 3 2 1 0    
4 (e) 3.5 2.5 1.5 .5 0   
… + .5 / transition   
8 (g) 5.5 4.5 3.5 2.5 2 … 0 
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1
) 0 (a) 0       
1 (b) 1 0      
2 (c) 1.5 .5 0     
… + .5 / child   
14 (e) 7.5 6.5 6 … 0   
(1) Identical matrix used for ‘number of children ever born’, ‘children aged 0-14 born in current 
marriage’, and ‘children aged 0-14 not born in current marriage’ channels. 
 
five group solution. However, scatterplots of the first five dimensions of a classical 
multidimensional scaling solution and the Calinski-Harabasz index (Calinski & Harabasz 
1974) did not provide any clear evidence of a ‘natural’ or dominating separation of clusters in 
the data. Despite the lack of natural clusters, cluster analysis may still be useful as an efficient 
means of partitioning data into homogenous subsets (Everitt et al. 2011) which is appropriate 
for this application. As the purpose of the sequence analysis was to find a solution which 
differentiates between respondents on the basis of the timing and occurrence of key family 
events, a series of discriminant analyses were conducted to determine how well six family 
life course indicators (age at first birth, parity at 50, number of years from 18-50 with one or 
more children aged 0-14 who were not born in a current marriage, age at first marriage, years 
spent married from 18-50, and number of marital status transitions experienced by age 50) 
discriminated between cluster solutions from 2-20 groups. A plot of eigenvalues (see figure 
4.1) for the range of cluster solutions showed a large increase in the eigenvalue of the first 
discriminant function at the 13 group solution, suggesting that this represents a suitable 
minimum number of clusters. The 14 group solution splits the ‘remarriage’ clusters, 
distinguishing between those with and without children from the first marriage, and 
represents an ‘elbow’ in the eigenvalue of the second discriminant function. Solutions with 
more clusters do not substantially improve the eigenvalues of the discriminant functions until 
the 18 cluster solution, and did not provide theoretically informative distinctions. 
Consequently, the 14 group solution was selected for further analysis.  
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Figure 4.1: Discriminant function eigenvalues by number of clusters 
 
Modeling Approach  
Physical health from 2001-2011, when the respondents were aged 51 and older, was 
modelled using a series of latent growth curve models (Bollen & Curran 2006). Estimation 
was performed in Mplus 7 (Muthén & Muthén 2012) using robust maximum likelihood 
(Mplus’ ‘mlr’ option) to account for the survey design and non-independence of household 
members. The growth models are specified as 
 
 
(1) 
where  is respondent i’s physical health at wave t,  is the random intercept for 
respondent i (which represents expected physical health at baseline in 2001),  is a wave-
specific constant equal to t-1,  is respondent i's yearly rate of change in physical health, and 
 is the respondent and wave specific residual term. Further,  and  are allowed to 
depend on covariates as specified in Eq. 2 and Eq. 3 
  (2) 
  (3) 
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Where ( ) are intercepts for the random intercept and rate of change respectively, 
(  are vectors of coefficients to be estimated ( ,  are covariate matrices, 
and ) are residual terms.  
Four models were initially fitted to test different possibilities for the relationship between 
family life course group, sex, age, and physical health, and the best model was chosen on the 
basis of the Akaike Information Criterion (AIC) (Akaike 1974) values. A fifth model was 
subsequently fitted which extended the model selected from the first four by adding controls 
for background covariates.  
4.5 Results 
4.5.1 Sequence analysis of family life course trajectories 
Summary statistics for the selected 14 group solution are contained in table 4.3. Figure 4.2 
presents age-specific distributions of marital and fertility states for each cluster. The first five 
groups represent variations in level of fertility and timing of family formation on what could 
be thought of as a traditionally ‘standard’ family life course. Each of these groups is 
characterized by a single continuous marriage beginning between age 18 and 25 with 
subsequent fertility occurring within that marriage. The first group (‘Standard – moderate 
fertility’) entered marriage in the mid-twenties followed by first birth around age thirty, and 
two-three children. A total of 762 persons, or 18% of the sample, were captured in this group. 
The second group (‘Standard – high fertility’, n = 666) is distinguished from the first by a 
slightly earlier age at marriage in the early to mid-twenties and higher and earlier fertility 
(mostly four or five children). Groups three-five were comprised of persons with an early 
first marriage (from 18 to 21) and variable level of fertility starting primarily in the early 
twenties. They are labelled respectively ‘Early standard – low fertility’ (n = 868), ‘Early 
standard – moderate fertility’ (n = 406), and ‘Early standard – high fertility’ (n = 310). None 
of the groups is characterized by common non-standard parenting arrangements. Overall, 
these groups capture 70.7% of the sample. 
The sixth group (‘Late family formation’, n = 150) is characterized by marriage in the thirties 
followed by low to moderate fertility commencing in the mid-thirties. The seventh group (n = 
94) is made up of persons who have a pre-marital birth early in the life course (from late 
teens to mid-twenties) and then subsequently marry and have additional children in the 
context of the marriage. As the distinguishing feature of the group is the early experience of  
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Table 4.3: Family life course trajectory group summary statistics 
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 (a) (b) 0 1 2 3 4+ (c) (d) 0 1 2 3 4 5+ (b) 
‘Standard – moderate fertility’  
(N = 762) 
26.8 
(3.0) 
24.1 
(3.0) 0.0 97.4 2.2 0.4 0.0 
48.3 
(1.3) 
30.7 
(2.6) 0.0 7.1 53.0 26.8 8.4 4.7 
0.0 
(0.6) 
‘Standard – high fertility’ 
(N = 666) 
23.0 
(1.9) 
27.8 
(2.1) 0.0 92.8 5.1 2.1 0.0 
47.2 
(2.2) 
25.1 
(1.9) 0.0 0.0 0.0 32.6 39.3 28.1 
0.2 
(1.0) 
‘Early standard – low fertility’ 
(N = 868) 
21.4 
(1.9) 
28.3 
(3.6) 0.0 78.7 13.3 7.3 0.8 
42.7 
(4.3) 
24.0 
(2.7) 0.0 15.9 78.3 5.2 0.6 0.0 
0.3 
(1.4) 
‘Early standard – moderate 
fertility’ (N = 406) 
20.4 
(1.6) 
30.4 
(1.7) 0.0 94.8 3.0 2.2 0.0 
46.6 
(2.7) 
21.8 
(1.9) 0.0 0.0 0.0 99.5 0.5 0.0 
0.0 
(0.1) 
‘Early standard – high fertility’  
(N = 310) 
19.8 
(1.4) 
30.1 
(3.5) 0.0 84.2 11.6 4.2 0.0 
43.1 
(3.6) 
20.8 
(1.9) 0.0 0.0 0.0 0.0 48.1 51.9 
0.9 
(3.0) 
‘Late family formation’ 
(N = 150) 
35.4 
(3.6) 
14.7 
(4.6) 0.0 82.7 9.3 8.0 0.0 
42.8 
(4.0) 
36.4 
(4.5) 0.0 38.0 40.7 14.0 5.3 2.0 
4.7 
(6.9) 
‘Pre-marital birth’ 
(N = 94) 
26.4 
(5.6) 
22.5 
(7.7) 4.3 64.9 25.5 5.3 0.0 
45.9 
(4.0) 
21.4 
(3.6) 0.0 3.2 16.0 39.4 21.3 20.2 
17.1 
(3.6) 
‘Marriage without children’ 
(N = 177) 
26.8 
(4.8) 
19.8 
(7.7) 0.0 57.6 20.3 15.8 6.2 
35.3 
(7.2) 
47.1 
(4.7) 94.9 1.7 1.7 1.1 0.6 0.0 
0.0 
(0.3) 
‘No family formation’ 
(N = 255) 
44.2 
(3.2) 
1.2 
(2.8) 81.2 16.9 2.0 0.0 0.0 
45.8 
(3.0) 
34.8 
(10.4) 85.9 8.2 3.9 2.0 0.0 0.0 
1.7 
(5.1) 
‘Late marital disruption with 
children’  (N = 132) 
24.8 
(3.0) 
17.7 
(5.4) 0.0 0.0 72.0 25.8 2.3 
40.6 
(3.4) 
28.6 
(2.7) 0.0 18.9 37.9 33.3 8.3 1.5 
6.8 
(3.8) 
‘Early marital disruption with 
children’ (N = 129) 
21.7 
(2.8) 
12.2 
(6.0) 0.0 0.0 51.9 31.0 17.1 
28.9 
(3.9) 
25.6 
(5.2) 0.0 43.4 41.1 13.2 2.3 0.0 
12.9 
(4.0) 
‘Remarriage – children 1st 
marriage’ (N = 179) 
20.6 
(2.2) 
25.4 
(5.3) 0.0 0.0 0.0 67.6 32.4 
29.1 
(4.7) 
22.7 
(3.2) 0.0 3.4 43.0 29.1 18.4 6.2 
10.2 
(5.0) 
‘Remarriage – no children 1st 
marriage’ (N = 45) 
23.8 
(2.9) 
23.7 
(3.5) 0.0 0.0 0.0 80.0 20.0 
29.5 
(4.0) 
34.6 
(3.0) 0.0 22.2 42.2 26.7 8.9 0.0 
2.8 
(5.1) 
‘Disrupted marital history – high 
fertility’ (N = 88) 
19.9 
(2.3) 
20.5 
(6.7) 0.0 0.0 29.6 43.2 27.3 
32.5 
(4.4) 
19.8 
(2.3) 0.0 0.0 0.0 20.5 37.5 42.1 
13.7 
(8.4) 
(a) Average age (s.d.) for ever married; (b) Average years (s.d.); (c) Average age (s.d.) for ever disrupted; (d) Average age (s.d.) for ever parent; (e) Non-standard 
parenting 
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Figure 4.2: State distributions by age and family life course group 
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Figure 4.2 cont.  
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 Legend:  
 
 
Note that colors refererence different states depending on the channel (marital or fertility). The vertical axis of 
each plot displays the cumulative state distribution in that family life course group and channel. The horizontal 
axis displays age from 18-50.  
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non-standard fertility, this cluster is labelled ‘Pre-marital birth’. Groups eight (n = 177) and 
nine (n = 255) have very low (mostly zero) fertility either with (group eight) or without 
(group nine) marriage. Accordingly, group eight is labelled ‘Marriage without children’ and 
group nine is labelled ‘No family formation’.  
The remaining groups all experience marital disruption in combination with fertility. They 
differ, however, in the timing of the marital disruption, whether or not there is subsequent 
remarriage, and the timing and level of fertility. Groups ten (n = 132) and eleven (n = 129) 
are labelled ‘Late marital disruption’ and ‘Early marital disruption’, and are characterized by 
a marriage with children (commencing at a similar age to the ‘standard’ clusters) which is 
subsequently disrupted, and a low incidence of remarriage. The ‘Late marital disruption with 
children’ group experiences the marital disruption at an average age of 40.6, while for the 
‘Early marital disruption with children group this occurs significantly earlier, on average at 
28.9 years. Due to the timing of the marital disruption, the ‘Early marital disruption’ group 
experiences a substantially longer period of non-standard parenting. Groups twelve (n = 179) 
and thirteen (n = 45) are distinguished primarily by a short first marriage followed by marital 
disruption in the mid-twenties to mid-thirties, with a second marriage commencing soon 
thereafter. The two groups differ in that individuals in group twelve had a first birth in their 
first marriage, and therefore experience non-standard parenting in parallel with their second 
marriage, whereas group thirteen has only minimal non-standard parenting due to the absence 
of a birth in the first marriage. The two groups are labelled 'Remarriage – children 1st 
marriage’ and ‘Remarriage – no children 1st marriage’. The final cluster (n = 88), ‘Disrupted 
marital history – high fertility’, is characterized by heterogeneous disrupted marital histories 
paired with a high level of fertility. Due to this combination, members of this group tend to 
have standard parenting arrangements early in the life course followed by a significant period 
of non-standard parenting arrangements.  
4.5.2 Modelling the Health Consequences of Family Life Course Trajectories 
Table 4.4 summarizes the specifications of the models. The selected model (model 4) allows 
 to depend on the interaction of sex and family life course group. Models which allow  to 
depend on family life course group (model 2) or  to depend on the interaction of age and 
family life course group (model 3) were inferior to the simpler model 1, and were 
consequently not considered further. This implies that health differences between the family  
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Table 4.4: Model specifications and model fit 
  
 
 
 
 
AIC 
Model 1 Baseline age; Sex; Family life 
course trajectory 
Baseline age; Sex 296,390.7 
Model 2 As model 1 As model 1, plus Family life 
course trajectory 
296,402.8 
Model 3 As model 1, plus Family life 
course trajectory X Baseline age 
As model 1 296,393.5 
Model 4 As model 1, plus Family life 
course trajectory X Female 
As model 1 296,386.8 
Model 5 As model 4, plus controls As model 1 296,150.9 
    
life course groups are stable over the duration of the survey and for different ages, but are 
patterned differently for men and women.  
Results from the models selected on the basis of AIC (models 4 and 5) are presented in table 
4.5. To assist in the interpretation of the interaction, the pattern of results is presented 
separately by sex in figure 4.3. Because the presence of significant interactions with sex 
implies that the effects of family life course trajectory must be interpreted separately for men 
and women, we first describe the results for men. Adjusting only for age, men in the 
‘Standard – high fertility’, the ‘Late family formation’ and all three of the ‘Early standard’ 
groups have significantly poorer health than those in the ‘Standard – moderate fertility’ 
reference group. Within, the ‘early standard’ groups, no significant differences were found by 
level of fertility. Most of these differences are only marginally attenuated by controls for 
early life socio-economic status, health, and family situation, and remain significant. The sole 
exception is the coefficient for ‘Late family formation’ which is no longer significant after 
controls.  
Men in the ‘pre-marital birth’, and ‘marriage without children’ groups were not significantly 
less healthy. The ‘No family formation’ contrast was significant (b = -2.9, p < .01), indicating 
that men who never marry or have children are on average in poorer physical health. This 
contrast remains significant after the inclusion of controls.  
Among marital disruption groups, men in the ‘Late marital disruption’ group were not 
significantly different from the reference category. Men in the ‘Early marital disruption’ 
group were however in substantially worse physical health (b = -7.0, p < .001). This suggests 
that the timing of marital disruptions may be an important factor in understanding how family 
trajectories are associated with men’s health. The ‘remarriage – children 1st marriage’  
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Table 4.5: Physical health growth model estimates 
 Model 4 
 
Model 5 
 Est. S.E. Est. S.E. 
  (intercept) 
 
 
72.2*** 1.2 72.3*** 1.4 
Family life course trajectory     
‘Standard – moderate fertility’     
‘Standard – high fertility’ -1.4* 0.6 -1.3* 0.6 
‘Early standard – low fertility’ -2.5*** 0.7 -2.4*** 0.7 
‘Early standard – moderate fertility’ -2.4** 0.9 -2.1* 0.9 
‘Early standard – high fertility’  -3.2** 1.1 -2.7* 1.1 
‘Late family formation’ -2.0* 0.9 -1.0 0.9 
‘Pre-marital birth’ -1.3 1.4 -0.8 1.4 
‘Marriage without children’ -0.4 1.0 -0.5 1.0 
‘No family formation’ -2.9** 0.9 2.5** 0.9 
‘Late marital disruption with children’  -0.5 1.1 -0.7 1.1 
‘Early marital disruption with children’ -7.0*** 1.7 -6.7*** 1.7 
‘Remarriage – children 1st marriage’ -3.9** 1.3 -4.2** 1.3 
‘Remarriage – no children 1st marriage’ -1.9 1.6 -2.2 1.6 
‘Disrupted marital history – high fertility’  -4.4* 2.2 -3.8 2.1 
Family life course trajectory X Female      
‘Standard – high fertility’ * Female 2.4* 1.0 2.4* 1.0 
‘Early standard – low fertility’ * Female 1.8 0.9 2.3* 1.0 
‘Early standard – moderate fertility’ * Female 2.2 1.2 2.6* 1.2 
‘Early standard – high fertility’ * Female 2.6 1.4 3.0* 1.3 
‘Late family formation’ * Female 2.8 1.7 2.3 1.7 
‘Pre-marital birth’ * Female -1.1 2.2 -0.4 2.2 
‘Marriage without children’ * Female 0.6 1.4 0.7 1.5 
‘No family formation’ * Female 3.4* 1.4 2.4 1.4 
‘Late marital disruption with children’ * Female -0.5 1.8 -0.3 1.8 
‘Early marital disruption with children’ * 
Female 
4.9* 2.1 4.9* 2.1 
‘Remarriage – children 1st marriage’ * Female 3.0 1.6 3.6* 1.6 
‘Remarriage – no children 1st marriage’ * 
Female 
3.2 2.6 2.8 2.5 
‘Disrupted marital history – high fertility’ * 
Female 
-0.2 2.6 -0.1 2.6 
Demographics/Childhood environment     
Age (2001) -0.3*** 0.02 -0.3*** 0.02 
Female 1.5* 0.7 -1.5* 0.7 
Immigration/indigenous status:     
3+ generation Australian     
2nd generation immigrant   0.3 0.4 
1st generation immigrant – English speaking 
background 
  1.2** 0.4 
1st generation immigrant – non-English 
speaking background 
  -2.0*** 0.4 
Aboriginal or Torres Strait Islander   -2.7 1.7 
Highest completed educational qualification     
Less than complete secondary school     
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Table 4.5 cont.     
 Model 4 
 
Model 5 
 Est. S.E. Est. S.E. 
Completed secondary school   0.3 0.6 
Certificate/diploma   0.9* 0.3 
Bachelors’ degree or higher   2.3*** 0.4 
Father’s occupational status   0.02* 0.01 
Number of siblings   -0.2* 0.1 
Self-reported general health in childhood   -0.7*** 0.2 
Either parent smoked   -0.4 0.3 
Missed a month of school due to poor health   -1.4** 0.5 
Height (centimeters deviation from age X sex 
mean) 
  0.05* 0.02 
Father survival status 2009     
Died aged < 60     
Died age 60-74   -0.5 0.5 
Died age 75+ / Not deceased   -0.4 0.4 
Mother survival status 2009     
Died aged < 60     
Died age 60-74   -0.4 0.5 
Died age 75+ / Not deceased   -0.6 0.4 
Family situation at age 14:     
Living with both biological parents     
Step-family   0.4 0.8 
Single parent family    -0.8 0.5 
Other (e.g. living with grandparents)   -0.6 0.7 
  (rate of change) 
 
 
0.5** 0.1 0.5** 0.1 
Demographics     
Age (2001) -0.01*** 0.002 -0.01*** 0.002 
Female -0.04 0.04 -0.03 0.04 
N = 4615; m = 50 imputed data sets; * p < .05; ** p < .01; *** p < .001 
 
category is also associated with significantly poorer health, while the ‘remarriage – no 
children 1st marriage’ group is not significantly different from the reference group. Last, the 
‘disrupted marital history – high fertility’ group is also in significantly poorer health (b = -
4.4, p < .05).  
A substantially different pattern of results emerges for women. Compared to the ‘standard – 
moderate fertility’ group, only the ‘disrupted marital history – high fertility’ group has a 
significantly different (and poorer) level of physical health. This seems to indicate that family 
life course trajectories are overall less consequential for women’s health than men’s. There 
are however, a number of significant differences between other categories. In particular, the 
‘Standard – high fertility’ group emerges as the healthiest for women, faring significantly  
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Figure 4.3: Physical health differences between family life course groups 
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better than the ‘Early standard – low fertility’, ‘Pre-marital birth’, ‘Early marital disruption’, 
‘Remarriage – children 1st marriage’, and ‘Disrupted marital history – high fertility’ groups 
before controls. After controls, only women in the ‘Early marital disruption’ and ‘Disrupted 
marital history – high fertility’ groups are worse off than women in the ‘Standard – high 
fertility’ group.  
Results for control variables were as expected, although not all were significant predictors of 
physical health. Older age at baseline is associated with a poorer level of and faster decline in 
physical health. Women and first generation migrants from a non-English speaking 
background were in significantly poorer health, while holding a post-school qualification, 
having a father with a higher status occupation, being a first generation migrant from an 
English speaking background, having fewer siblings, greater height, being healthier during 
childhood, and not missing a month of school due to poor health were associated with 
significantly better physical health. Parents’ age at death, being of ATSI descent, family 
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structure in childhood, and parents’ smoking during childhood were not significant predictors 
of physical health, conditioning on the other covariates.  
4.6 Discussion and conclusions 
This study adds to our understanding of the links between partnership, fertility, and health in 
several ways. As the first study to consider how a combined classification of marital and 
fertility histories over a long period of the life course is associated with later life general and 
functional health, it provides a new approach to understanding the position of the family in 
health inequalities.  
Our results suggest that family life course trajectories have lasting consequences for men’s 
physical health, dependent on the occurrence and timing of major life course events. In 
particular, groups characterized by early family formation, marital disruption, the timing of 
marital disruption, and failure to marry emerged as detrimental for men’s health, with the 
observed differences only minimally affected by controls for an array of early life factors. 
This pattern of results is consistent with previous research findings indicating that marriage 
duration (Brockmann & Klein 2004; Dupre, Beck & Meadows 2009; Dupre & Meadows 
2007), marital disruptions (Dupre & Meadows 2007; Hughes & Waite 2009), and ‘on-time’ 
family formation (Dupre, Beck & Meadows 2009; Grundy & Holt 2000; Grundy & 
Tomassini 2005; Read & Grundy 2010) are linked to men’s health and mortality.  
Although our analyses do not provide any direct evidence about the mechanisms which link 
family life course trajectories to physical health, it seems plausible that for men the primary 
health benefits of the family life course are realized through marriage rather than parenthood 
– a reasonable summary of our results for men would be that, conditional on ‘on-time’ family 
formation, health improves with longer marriage duration. This is consistent with our 
findings that 1) men who marry but never have children are no less healthy than men who 
experience a ‘standard’ family life course; 2) men who never marry are in poorer health; 3) 
the pattern of effects among the ‘disrupted’ family history groups with regard to the timing of 
marital disruption and the occurrence of remarriage. The significant negative effects found 
for the early family formation groups suggests that early marriages (even when sustained) 
may not be as beneficial to men’s health. This might reflect higher conflict within the 
marriage, as early-starter couples may lack the resources to manage the challenges of their 
lives together (White & Rogers 2000).  
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The magnitude of the observed differences for men was often large relative to the coefficients 
for established predictors of health included in our models. For instance, the difference in 
physical health between men in the ‘early standard’ groups and those in the ‘standard – 
moderate fertility’ group was approximately as large as the difference between those with 
less than complete secondary school and those with a university degree, or the equivalent of a 
7-9 year age difference. The largest contrast, for the ‘early marital disruption’ group, is the 
equivalent of a 23 year age difference. As the trajectory groups capture cumulative 
experience over a long period it is perhaps not surprising that the effects are large. 
Nevertheless, this suggests that the nexus between family life course trajectories and men’s 
health is likely to be a fruitful area of ongoing inquiry.  
For women, we found few differences in physical health between the family life course 
trajectory groups. After controlling for early life family, health, and socio-economic 
circumstances, only women with both a disrupted marital history and a high level of fertility 
were in significantly worse health than those women who had experienced a normatively 
‘standard’ family life course. This contrasts with previous work which has shown long-term 
associations between the family life course and women’s health and mortality (Alter, Dribe, 
& Van Poppel. 2007; Grundy & Tomassini 2010; Hughes & Waite 2009; Kravdal et al. 2012; 
Read & Grundy 2010).  
The differences between our findings and previous work may partly reflect the focus on 
holistic life course trajectories – ‘whole trajectory’ analyses are not directly comparable to 
analyses which attempt to ‘isolate’ the effects of single factors, because the whole trajectory 
comparisons are conditional on all of the events included in the trajectories. So, for example, 
the lack of significant differences between women in the various ‘standard’ family life course 
groups does not indicate that parity or timing of family formation are unrelated to health – but 
rather that they are unrelated to health conditional on subsequently remaining in a single 
marriage. This is an observation which parallels Williams et al. (2011) finding that the 
negative health consequences of a non-marital first birth were mitigated by subsequent 
marriage to the child’s father. It also agrees with Umberson, Pudrovska and Reczek’s (2010) 
summary of a number of studies which suggest that short-term health and health-related 
consequences of parenthood are less pronounced for married women.  
As argued by Macmillan and Copher (2005), the life course is a set of dynamic processes, 
weaving together individuals’ multiple roles over time in ways which are likely to have long 
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term consequences for health and wellbeing in older age (Kuh et al. 2003). Future work 
should seek to build on this by examining how the family life course intersects with the 
production of health at multiple temporal scales (health-related behaviors in the short term 
and morbidity and mortality in the long term) and across multiple social domains. In 
particular, it would be beneficial to incorporate employment histories alongside family 
histories in later work. Studies which investigate how individuals’ many roles interact with 
the resources available to them to encourage, enable, or dissuade health-related behaviors, 
and how long term role-trajectories are associated with health, are critical to building an 
account of health-stratification which adequately represents the complexity implied by life 
course scholarship. 
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Chapter 5: Contextualizing Age at First Birth 
5.1 Introduction 
Age at first birth has been previously found to be linked to long term physical health 
outcomes (Grundy & Kravdal 2008; Grundy & Tomassini 2005; Merrill et al. 2005; 
Mirowsky 2002, 2005; Spence & Eberstein 2009), and understanding the nature of this 
relationship in the Australian context will represent the primary aim of the next three chapters 
of the thesis. Empirically, the starting point for this enquiry is summarized in figure 5.1, 
which displays the age-adjusted relationship between general physical health (in standard 
deviation units) and age at first birth using data from the most recent wave of HILDA (2014). 
In line with existing research, it shows that older age at first birth is associated with 
substantially better physical health outcomes for fertility timings between age fifteen and age 
thirty (approximately one standard deviation) and that the association is thereafter mostly flat, 
or slightly negative for women. However, while there is little doubt that age at first birth is 
correlated with physical health outcomes, a fuller interpretation requires attention to a 
number of additional issues: the changing macro-historical context in which fertility 
decisions are made, the selection processes through which men and women sort themselves 
into earlier or later parenthood, parallel developmental trajectories in other social domains 
such as the labour market or partnership formation, and mechanisms which may account for 
the association between age at first birth and long-run health.  
This chapter offers, in preparation for subsequent analyses which will directly address the 
health effects of first birth timing, a broad contextualization of age at first birth in Australia. 
Life course theory (Elder 1985; Elder & Giele 2009; Kuh & Ben-Shlomo 2004; Kuh et al. 
2003; Lynch & Smith 2005) emphasizes the importance of understanding life events in 
broader context – both macro level generational context and the micro contexts of the actors 
who are engaged in shaping their life trajectories – and of recognizing the linkages between 
multiple life stages. In this spirit, empirical analysis in the chapter is divided into two main 
sections, the first of which addresses contextual changes in Australian society, and the second 
of which investigating parents’ fertility timing in relation to their early life and family 
background.  
The first section describes how first birth timing in Australia has changed across generations 
(born 1931-1973), from those who were entering adulthood shortly after the second world 
war, to those who did so in the early 90s. In parallel with other developed nations, Australia  
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Figure 5.1 Age at first birth and physical health 
 
 
has over this period undergone the complex of changes collectively labelled the ‘second 
demographic transition’ (van de Kaa 1987; Lesthaeghe 2010): declining and delayed fertility, 
declining rates of marriage, increasing divorce rates, and greatly increased rates of non-
marital fertility (McDonald 1995; Carmichael 2014). Economically, the shift towards a 
service based economy has seen significant educational expansion, and women’s labour force 
participation has lengthened over the life course (Austen & Seymour 2006) and expanded 
into a wider range of occupations. Consequently, the meaning and significance of age at first 
birth may differ across generations, and it is therefore important to understand how first birth 
timing is related to the broader suite of changes which has taken place in Australian society.  
The second section situates fertility timing in relation to early life – demographic 
characteristics, family background, childhood health, personal characteristics, and school 
completion. The aim of this section is to provide a descriptive account of how background 
characteristics are correlated with age at first birth, and thereby begin to unpack how 
selection processes are likely to affect later estimates of how age at first birth affects later-life 
health.  
It is well established that both men and women from more disadvantaged social backgrounds 
tend to become parents at an earlier age (e.g. Hobcraft & Kiernan 2001). However, there are 
several possible pathways through which early life circumstances might confound any effect 
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of first birth timing on later life health, and it is potentially important to understand which are 
at work. Of primary importance here is the possibility that men and women may elect to 
become parents at a younger age because their alternatives (particularly with respect to career 
development) are otherwise more limited by characteristics or circumstances which may be 
independently consequential for health (Blackburn, Bloom, & Neumark 1993). For instance, 
if growing up in disadvantaged circumstances impedes the acquisition of vital human capital 
– for example schooling, cognitive or non-cognitive skills – and this will change the 
opportunity cost of becoming a parent at an early age (Cunha et al. 2006; Farkas 2003). In 
turn, reduced levels of human capital may lead to deleterious consequences for health, quite 
independently of first birth timing. Early life environment may also confound estimates of the 
health effect of age at first birth through other channels. For example, poorer socio-economic 
status in childhood may be linked to both exposure to physical insults (Hayward & Gorman 
2004) and socialized preferences for earlier family formation (Barber 2001). If, as evidence 
increasingly suggests, poor health in childhood persists throughout the life course, this would 
produce a spurious association between first birth timing and later life health. Childhood 
health may also represent part of the human capital of a young adult, and thereby alter the 
trade-off between family formation and career development in a similar way to other aspects 
of human capital. Effects of family and socio-economic background are therefore addressed, 
as well as the extent to which they are potentially attributable to schooling, childhood health, 
and cognitive/non-cognitive skills.  
It is helpful to specify some terminology at this point: for chapters 5-7, due to the focus on 
age at first birth, respondents’ parents are referred to as ‘grandparents’, despite the fact that 
some of the respondents analyzed in chapter 5 never become parents. ‘Grandparent 
education’ for example, therefore refers to (the respondents’ reports of) respondents’ parents 
education.  
5.2 Data  
For the purposes of this chapter a subsample constructed from the full HILDA panel study is 
used. The data contains observations at ages 41 and older for respondents born between 1931 
and 1973. A total of 13,037 respondents (6,244 men and 6,793 women) are included in the 
sample. Although a small number of sample members experience the birth of new children 
after age 40, the great majority of people have completed their fertility history by this age, 
and this cutoff therefore represents a useful criteria to examine the links between age at first 
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birth and long run precursors and outcomes. Because the HILDA study commenced in 2001, 
it is also not feasible to observe how fertility events are linked concurrently with other factors 
for older birth cohorts, meaning that the data offers the primary insight into the fertility 
histories of earlier birth cohorts. Respondents born prior to 1931 were excluded due to 
concerns that mortality prior to commencement of the HILDA study would create too great a 
potential for bias among this group. Measurement and scale construction for the items 
included in the dataset has been previously described in the methods chapter.  
5.3 Descriptive analysis of first birth timing 
5.3.1 First birth timing in Australia in historical context 
First, the distribution of age at first birth among by gender and birth cohort is investigated. Of 
respondents included in the analysis, 85.2% had experienced the birth of a first child by age 
40 with this figure slightly higher for women (88.2%) than for men (81.9%). Parenthood was 
therefore a normative experience for most members of the sample. Among those who had 
experienced the birth of a child by age 40, the median AFB was 26 (mean 26.4). Men tended 
to be slightly older at the time of the first birth, with a median AFB of 27, compared to 
women with a median AFB of 25. For both sexes the distribution of AFB is slightly flatter  
Figure 5.2: Distribution of age at first birth by sex 
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than a normal distribution with the same mean and standard deviation, and exhibits slight 
positive skewness. Figure 5.2 illustrates these observations graphically.  
In addition to the overall distribution of AFB, it is important to consider that both the timing 
and occurrence of parenthood is strongly patterned by birth cohort. First, in accordance with 
previous research, the likelihood of becoming a parent at all is lower among more recent birth 
cohorts in the sample. Figure 5.3 shows the proportion of respondents who had not become 
parents by age 40, broken down by sex and birth cohort. For both men and women, there 
were substantial increases in the likelihood of remaining childless until age 40 among more 
recent birth cohorts. In the earliest 1930s birth cohort, roughly 11% of men and only 6% of 
women had not become parents by age 40. For the latest birth cohorts from the 1960s and 
1970s, these figures had changed to 24% of men and 14-17% of women. The probability of 
remaining childless therefore slightly more than doubles between the pre-war/war time birth 
cohorts and birth cohorts from the sixties and seventies.  
Figure 5.3: Proportion never-parent by age 41, by sex and birth cohort 
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Accompanying the trend towards increasing childlessness, later birth cohorts also show a 
tendency for the first birth to both take place at an older age on average and to exhibit greater 
dispersion. This is illustrated in figure 5.4, which shows box plots of the distribution of AFB 
by sex and birth cohort. From the earliest birth cohort to the latest, the median AFB increases 
by four years for men (from 26 to 30), and by five years for women (from 23 to 28). The 
interquartile range (the distance between the 25th percentile and the 75th percentile) of AFB 
also increases from six years to seven years among men, and from five years to nine years 
among women. Corresponding increases in the standard deviations of AFB were from 4.4 
years up to 5.3 years among men, and from 4.1 years up to 5.8 years among women. 
Therefore, more recent birth cohorts in the sample tended to be older at the time of the first 
birth and exhibited greater variability in the timing of the first birth. This pattern is true for 
both sexes, but is perhaps slightly stronger for women.  
Figure 5.4: Distribution of age at first birth by sex and birth cohort 
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It is also noteworthy that the relationship contexts of the first birth have changed dramatically 
for later birth cohorts. In particular, the proportion of first-time parents who were unmarried 
at the time of the birth has increased sharply, reflecting the parallel trend towards less and 
later marriage, and increased willingness to consider parenthood in non-marital relationships. 
To illuminate these facts, Figure 5.5 presents smoothed trends in the proportion of parents 
who were unmarried at the time of the first birth, separate by sex and AFB. The pattern is  
89 
Figure 5.5: Proportion not married at first birth 
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similar for both men and women, and reveals substantial differentiation of the overall trend 
by age at first birth. Among parents whose first birth occurs in the normative ‘standard’ age 
window of 25-34, the proportion who were not married at the time of the birth increases 
considerably for later birth cohorts, from 3-5% among those born in 1931 to roughly one fifth 
among those born in 1973. This increase is however dwarfed by the changes among those 
whose first birth occurred at a younger age. For birth cohorts from 1931-1950 the proportion 
unmarried among ‘early’ first births roughly parallels the proportion among the 25-34 AFB 
group, and is even slightly lower for women.  
Older first births (at age 35 or older) are also comparatively more likely to occur outside of 
marriage than first births which occur in the 25-34 age range. This generalization holds true 
for men and women, and across the 1931-1973 birth cohorts examined here. The proportion 
of unmarried first births in this group increases for birth cohorts from 1930 through to 1950, 
before levelling off at approximately one third for subsequent birth cohorts. Once again, this 
pattern reflects the parallel trends towards both less and later marriage. In this case, these 
trends seem to approximately balance each other out for birth cohorts from 1950 onwards. 
Nonetheless, it is noteworthy that older first births are also less likely to follow the normative 
‘standard’ family formation pattern than those occurring in the 25-34 years age category.  
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Figure 5.6: Education trends in age at first birth 
2
2
2
4
2
6
2
8
3
0
3
2
1930 1940 1950 1960 1970
Degree
Non uni qual
Comp secondary
< Comp secondary
Men
2
2
2
4
2
6
2
8
3
0
3
2
1930 1940 1950 1960 1970
Degree
Non uni qual
Comp secondary
< Comp secondary
Women
Respondents born 1931-1973
 
As noted above, Australia has seen significant educational expansion since the Second World 
War, and given the increased accompanying necessity to delay entry into the labour market 
and family roles, this has implications for AFB. Here, it is important to consider that the 
overall trend towards older AFB is not solely driven by increasing levels of education, but 
also by fertility delays within particular educational categories. As figure 5.6 illustrates, this 
is a change which has occurred unequally across different educational groups: for both men 
and women, more educated groups experienced larger increases in AFB. This is particularly 
pronounced for those with a university degree, with an increase of approximately four years, 
compared to people with a non-university qualification or completed secondary education 
whose average age at first birth increased by just under two years. On the other hand, among 
those who did not complete secondary education average age at first birth did not increase at 
all. The upshot of this pattern is that for later generations, men and women who become 
parents at an older age enjoy a progressively larger educational advantage over younger 
parents.  
In sum, the overall pattern of birth timing has changed substantially for more recent cohorts 
of Australian parents. Entry to parenthood occurred at a later age on average, and across a 
wider range of ages, in particular for women. Increasing numbers of both men and women 
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remained childless, and the proportion of first births outside of marriage increased greatly, in 
particular for younger births. Educational differences in age at first birth grew substantially. 
In parallel with these shifts, total fertility declined, divorce and cohabitation became 
increasingly common, and women’s participation in the paid labour force increased greatly. 
These observations suggest that the processes by which persons select into earlier or later 
births, and the significance of birth timing for long run parent outcomes, may differ 
substantially for earlier and later birth cohorts. In the following section the first half of this 
problem, selection into particular birth timing, is considered.  
5.3.2 Parent background and characteristics by birth timing  
This section investigates how pre-birth characteristics and experiences – demographic 
differences, family experiences in childhood, socio-economic background, school 
completion, and other individual differences – relate to individuals’ AFB. Building on the 
previous section, generational differences in the factors which predispose individuals towards 
earlier or later entry to parenthood are considered. To address these issues, descriptive 
summaries of the relationships between AFB and characteristics which are either pre-birth or 
assumed stable in adulthood are presented.  
5.3.3 Ethnic background  
With respect to ethnicity, generally only small differences in AFB exist in the data (illustrated 
in figure 5.7). Compared to third or higher generation non-Indigenous Australians (who make 
up just over half the sample), slightly lower proportions of second generation Australians and 
first generation migrants from an English-speaking background experience the transition to 
parenthood before age thirty, and correspondingly higher proportions have a first birth in the 
thirties. First generation migrants from a non-English speaking background are close to third 
generation Australians in their birth timing. Across these groups, similar proportions of 
respondents have a first birth before twenty or do not have a first birth by age forty. The 
largest differences are for Indigenous Australians, who are roughly four times more likely to 
have a first birth before twenty (29% compared to 8% in the sample as a whole), and 
otherwise generally tend to enter into parenthood at an earlier age than the remainder of the 
sample.  
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Figure 5.7: Age at first birth by ethnicity 
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5.3.4 Family background  
Turning to family socio-economic background, consistent with previous studies, higher 
grandparent socio-economic status is associated with older parent age at first birth and 
elevated likelihood of remaining childless until age forty. This pattern seems particularly 
pronounced for women, and is true whether grandparent education or grandparent 
occupational status is chosen as the indicator of socio-economic background10. For instance, 
(as shown in figure 5.8) of women whose parents both had less than completed secondary 
education, half (50.1%) had experienced a first birth before age 25, including 14.3% before 
age 20. Only 9.6% of this group were childless until age 40. By comparison, 22.1% of 
women with a university-educated parent themselves became parents before age 25, and 
20.9% remained childless until age 40. For men, roughly half experience a first birth between 
25 and 34, regardless of the grandparent generations education, while those from more highly 
educated families tend more towards later or no birth and correspondingly less towards a first 
birth before age 25.  
                                                 
10 In the analysis sample for chapter 5, 10.8% of the ‘grandparent’ generation had a university degree as their 
highest completed qualification, 48.1% had either completed secondary education, or a non-university 
qualification, and 41.1% had less than completed secondary education.  
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As noted above, the pattern when family socio-economic background is represented by 
grand-parent occupational status is similar. Figure 5.9 shows the smoothed associations 
between grand-parent occupational status and parent age at first birth, separately for men and  
Figure 5.8: Age at first birth by education 
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women. In both cases we see that there is an approximately linear association between higher 
grand-parent occupational status and older age at entry to parenthood. Comparing from the 
lowest occupational status to the highest, men’s average at first birth increases by 
approximately three years, from 29 to 32. For women, the relationship takes the same form, 
but is roughly twice as large, with average age at first birth increasing from 24 to 30. One 
consequence of this is that among those from higher socio-economic backgrounds, men and 
women enter into parenthood at ages which are closer together than at the bottom of the 
family-socio economic spectrum.  
Patterns of family formation in the grand-parent generation are also linked to birth timing in 
the parent generation. This is visualized in figure 5.10, which shows how the distribution of 
age at first birth depends on three aspects of grand-parent family formation: whether the 
parent was living with the both biological grand-parents at age 14, whether the grandmother 
was aged less than 20 when the parent was born, and whether the parent had four or more 
siblings when they were growing up. Not living with both biological parents, being born to a  
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Figure 5.9: Grandparent occupational status and age at first birth by sex  
 
Figure 5.10: Distribution of age at first birth by childhood family structure 
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young mother, and growing up with four or more siblings are all associated with younger 
average age at first birth. As with family socio-economic background, the results in figure 
5.10 suggest that the strength of the associations between grand parent family formation 
experiences and parent age at first birth are stronger for women than men. This finding 
suggests that, among the birth cohorts represented in the data, women’s birth timing may be 
more strongly dependent on family background than is the case for men.  
5.4 Modelling first birth timing 
5.4.1 Analysis method 
In order to understand the pre-cursors of first birth timing in the sample, a series of 
multinomial logistic regression models were fitted (Long & Freese 2003). Multinomial 
logistic regression models the log-odds of experiencing particular (discrete and mutually 
exclusive) outcomes in comparison to a reference category. For a categorical outcome with K 
values, because the total probabilities must sum to 1, K-1 comparisons fully define the 
relationship between the predictors and outcome variable. Multinomial logistic regression 
was chosen (in lieu of event history modelling) in order to allow the predictors of early, late, 
and no entry to parenthood to be different.  
For the purposes of the modelling, age at first birth is divided into four categories, separately 
for men and women. The categories in each case represent, 1) the youngest quartile of ages at 
first birth (‘Early’ first births); 2) the middle fifty percent of ages at first birth (‘On time’ first 
births); 3) the oldest quartile of first births (‘Late’ first births); and 4) no first birth by age 41 
(‘no birth’). Based on these criteria, for men, ‘early’ first birth is defined as occurring before 
age 25 (n = 1,435; 23%), ‘on-time’ first birth from 25-32 (n = 2,478; 39.7%), and ‘late’ first 
birth as 33-40 (n= 1,197; 19.2%). The remaining 1,134 men (18.2%) are those who did not 
become parents by age 41, the ‘no birth’ category. The corresponding cutoffs for women 
were before 22 (n = 1,601; 23.6%), 22-29 (n = 3,159; 46.5%), and 30-40 (n = 1,231; 18.1%) 
respectively, in addition to 802 women (11.8%) who did not become parents before age 41. 
These categories were chosen in order to allow for the distinct distribution of ages at first 
birth among men and women, and to ensure that there was sufficient sample size within each 
outcome category. ‘On time’ first birth is used as the reference outcome in the models, which 
other outcomes are compared to.  
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5.4.2 Research questions 
The research questions for this section were: 
1) How is family background associated with age at first birth?  
2) How are school completion, early life health, and cognitive and non-cognitive skills 
associated with age at first birth? and  
3) Are the relationships between family background and age at first birth explained by school 
completion, early life health, and cognitive and non-cognitive skills?  
To address these questions a series of five models was therefore fitted separately for men and 
women. The first model (M1) includes ethnicity/migration status, year of birth, family socio-
economic background, and grandparent family formation experiences as predictors of first 
birth timing. Subsequent models add in turn age first left school (M2), childhood 
health/health environment, including self-rated health in childhood, whether the respondent 
ever missed a month of school due to poor health, whether the grandparents smoked when the 
respondent was a child, and whether the respondent has any long-term health conditions 
which were first diagnosed before age 16 (M3), ‘big-five’ personality dimensions 
(agreeableness, conscientiousness, extraversion, emotional stability, and openness to 
experience), locus of control, and cognitive ability scores on three items (backwards digit 
span, word pronunciation, and symbol digits) (M4), and all predictors simultaneously (M5). 
5.5 Modelling results 
5.5.1 Family background 
Due to the large amount of parameter output from the models, results were split into family 
background/demographics, and the potential mediating variables – school leaving, 
health/health environment, and cognitive/non-cognitive skills. Tables 5.1 (women) and 5.2 
(men) present the first half of the results for women and men. 
Results for ethnicity/migration status confirm the earlier descriptive finding that the primary 
differences in women’s age at first birth are between Indigenous and non-Indigenous women. 
Compared to women whose parents were both born non-Indigenous and born in Australia (3rd 
generation Australians), ATSI women were much more likely to have an ‘early’ first birth (b 
= 0.92, p < .001), and less likely to have a ‘late’ first birth (b = -1.01, p < .05) before 
adjustment for school leaving, early life health, and cognitive/non- 
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Table 5.1: Family background and fertility timing, women 
‘Early’ (1,601) vs ‘On time’ (3,159) 
 M1 M2 M3 M4 M5 
Ethnicity/migration status      
2nd gen migrant -0.11 -0.08 -0.12 -0.10 -0.09 
1st gen migrant: English first 
language 0.18 0.20* 0.17 0.20* 0.21* 
1st gen migrant: English not first 
language -0.16 -0.06 -0.11 -0.41*** -0.19 
ATSI 0.92*** 0.90*** 0.89*** 0.80*** 0.79*** 
Year of birth -0.01** 0.01 -0.01* -0.01** 0.00 
Grandparent education       
Non-degree qualification or 
completed secondary 0.15 0.09 0.15 0.14 0.09 
Less than completed secondary 0.24 0.13 0.24 0.18 0.11 
Grandparent occupational status -0.34*** -0.25*** -0.33*** -0.28*** -0.22*** 
Lived with both biological parents -0.40*** -0.32*** -0.39*** -0.37*** -0.30*** 
Grandmother young age at birth 0.55*** 0.51*** 0.54*** 0.53*** 0.49*** 
4+ siblings when growing up 0.46** 0.39*** 0.45*** 0.38*** 0.34*** 
 
‘Late’ (1,231) vs ‘On time’ (3,159) 
Ethnicity/migration status      
2nd gen migrant 0.10 0.08 0.10 0.08 0.06 
1st gen migrant: English first 
language 0.24* 0.23* 0.24* 0.21* 0.21* 
1st gen migrant: English not first 
language 0.08 0.05 0.07 0.25* 0.20 
ATSI -1.01* -1.01* -1.00* -0.96* -0.97* 
Year of birth 0.05*** 0.04*** 0.05*** 0.05*** 0.05*** 
Grandparent education       
Non-degree qualification or 
completed secondary -0.34** -0.33** -0.34** -0.29* -0.29* 
Less than completed secondary -0.40** -0.37** -0.41** -0.32* -0.31* 
Grandparent occupational status 0.16*** 0.14** 0.16*** 0.11** 0.10* 
Lived with both biological parents 0.13 0.08 0.12 0.13 0.09 
Grandmother young age at birth -0.31* -0.29 -0.30* -0.31* -0.30 
4+ siblings when growing up -0.26** -0.25** -0.26** -0.22** -0.21** 
 
‘No birth’ (802) vs ‘On time’ (3,159) 
Ethnicity/migration status      
2nd gen migrant 0.03 0.02 0.02 -0.02 -0.04 
1st gen migrant: English first 
language -0.02 -0.03 -0.02 -0.05 -0.06 
1st gen migrant: English not first 
language -0.23 -0.26* -0.22 0.00 -0.01 
ATSI 0.17 0.17 0.13 0.13 0.08 
Year of birth 0.03*** 0.03*** 0.03*** 0.04*** 0.04*** 
Grandparent education       
Non-degree qualification or 
completed secondary -0.47** -0.46** -0.47** -0.37** -0.38** 
Less than completed secondary -0.61*** -0.58*** -0.61*** -0.43** -0.43** 
Grandparent occupational status 0.14** 0.12* 0.14** 0.05 0.05 
Lived with both biological parents -0.18 -0.21* -0.16 -0.17 -0.18 
Grandmother young age at birth -0.08 -0.07 -0.08 -0.09 -0.07 
4+ siblings when growing up -0.32** -0.30** -0.32** -0.25* -0.25* 
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Table 5.2: Family background and fertility timing, men 
‘Early’ (1,435) vs ‘On time’ (2,478) 
 M1 M2 M3 M4 M5 
Ethnicity/migration status      
2nd gen migrant -0.23* -0.24* -0.24* -0.20 -0.23* 
1st gen migrant: English first 
language 0.12 0.14 0.10 0.16 0.15 
1st gen migrant: English not first 
language -0.45* -0.38** -0.44*** -0.66*** -0.56*** 
ATSI 0.40 0.36 0.38 0.34 0.31 
Year of birth -0.01*** -0.01 -0.01*** -0.01** -0.01* 
Grandparent education       
Non-degree qualification or completed 
secondary 0.20 0.18 0.19 0.17 0.13 
Less than completed secondary 0.22 0.16 0.21 0.13 0.09 
Grandparent occupational status -0.21*** -0.16*** -0.20*** -0.15** -0.12** 
Lived with both biological parents -0.19* -0.13 -0.19* -0.16 -0.11 
Grandmother young age at birth 0.36** 0.33** 0.35** 0.33** 0.31* 
4+ siblings when growing up 0.36*** 0.30*** 0.36*** 0.29*** 0.25** 
 
‘Late’ (1,197) vs ‘On time’ (2,478) 
Ethnicity/migration status      
2nd gen migrant 0.11 0.11 0.12 0.10 0.10 
1st gen migrant: English first 
language 0.41*** 0.40*** 0.41*** 0.41*** 0.40*** 
1st gen migrant: English not first 
language 0.34** 0.33** 0.34** 0.43*** 0.42*** 
ATSI -0.51 -0.50 -0.51 -0.53 -0.52 
Year of birth 0.03*** 0.03*** 0.03*** 0.03*** 0.03*** 
Grandparent education       
Non-degree qualification or completed 
secondary 0.01 0.01 0.01 0.04 0.04 
Less than completed secondary 0.03 0.04 0.03 0.10 0.09 
Grandparent occupational status 0.18*** 0.17*** 0.18*** 0.16*** 0.16*** 
Lived with both biological parents -0.06 -0.07 -0.06 -0.06 -0.06 
Grandmother young age at birth -0.22 -0.21 -0.22 -0.21 -0.21 
4+ siblings when growing up -0.13 -0.12 -0.13 -0.10 -0.09 
 
‘No birth’ (1,134) vs ‘On time’ (2,478) 
Ethnicity/migration status      
2nd gen migrant 0.13 0.13 0.13 0.13 0.12 
1st gen migrant: English first 
language 0.20 0.21 0.22* 0.23* 0.23* 
1st gen migrant: English not first 
language -0.02 -0.02 0.01 0.00 0.03 
ATSI -0.26 -0.26 -0.27 -0.36 -0.35 
Year of birth 0.03*** 0.03*** 0.03*** 0.03*** 0.03*** 
Grandparent education       
Non-degree qualification or completed 
secondary -0.04 -0.04 -0.04 -0.01 -0.02 
Less than completed secondary -0.11 -0.12 -0.12 -0.08 -0.09 
Grandparent occupational status 0.02 0.02 0.03 0.02 0.03 
Lived with both biological parents -0.14 -0.14 -0.12 -0.11 -0.09 
Grandmother young age at birth -0.38* -0.38* -0.42** -0.37* -0.41** 
4+ siblings when growing up -0.09 -0.10 -0.09 -0.09 -0.08 
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cognitive skills. The difference in the probability of having an ‘early’ birth appears to be 
slightly reduced by the inclusion of cognitive/non-cognitive skills (b = 0.80, p < 0.001). 
Among other migrant groups, 1st generation migrants whose first language was English are 
more likely to experience both ‘late’ (b = 0.24, p < .05) and, in some models, ‘early’ first 
births (b [M2] = 0.20, p < .05), suggesting that this group have a more widely dispersed range 
of first birth timings. After adjustment for cognitive/non-cognitive skills (M4) 1st generation 
migrant women whose first language was not English also tend to have later births, although 
these effects are no longer significant after adjustment for school leaving and early life health 
in M5.   
Among men, by contrast, there are no significant differences between 3rd generation and 
Indigenous groups. Male first generation migrants from both English (b = 0.41, p < 0.001) 
and non-English speaking (b = 0.34, p < .01) backgrounds are significantly more likely to 
experience a ‘late’ first birth, with those from non-English speaking backgrounds (b = -0.45, 
p < .05) are also less likely to experience an ‘early’ first birth. These differences are not 
accounted for by the inclusion of school completion, health, or cognitive/non-cognitive skills 
in models 2-5, and in fact increase slightly. Second generation men (who have at least one 
parent born outside of Australia) are also less likely (b = -0.23, p < .05) to have an early first 
birth, although this difference is smaller and non-significant in model 4.  
Parameter estimates for year of birth clearly reflect the large historical changes in family 
formation patterns described earlier. The log-odds of ‘late first birth’ or ‘no birth’ relative to 
‘on time birth’ increase by 0.03-0.05 for every year between 1931 and 1973, for both men 
and women, with all parameter estimates significant at p < .001. The log-odds of ‘early’ first 
births also decrease, although by a smaller amount (women: b = -0.01, p < .01; men: b = -
0.01, p < .001).  
Grandparent socio-economic status is strongly predictive of women’s first birth timing. 
Compared to a university degree, lower levels of grandparent education are associated with 
significantly lower probabilities of either a late first birth or not becoming a parent before age 
41. The parameter estimates from the equation which compares ‘late’ to ‘on time’ first birth 
are -0.34 (p < .001) for women with either completed secondary or a non-degree qualification 
and -0.40 (p < .001) for those with less than completed secondary education. For ‘no birth’, 
the respective estimates are -0.47 (p < .001) and -0.61 (p < .001). Grandparent education does 
not, however, significantly predict women’s likelihood of ‘early’ first birth timing net of the 
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other predictors in the model. These effects are reduced in magnitude by between one quarter 
and one third in models which include cognitive and non-cognitive skills, but are largely 
unchanged by the inclusion of health or school completion measures. Higher grandparent 
occupational status is similarly associated with later first birth timing. Each standard 
deviation increase in grandparent occupational status is associated with a decrease in 
women’s log-odds of an early first birth of 0.34 (p < .001) and increases of 0.16 (p < .001) 
and 0.14 (p < .001) in the log-odds of late or no first birth respectively. The inclusion of the 
school completion in the ‘early’ first birth equation reduces the parameter estimate for 
grandparent occupational status by roughly a quarter, to -0.25 (p < .001), with a smaller 
reduction associated with cognitive/non-cognitive skills. For ‘late’ and ‘no birth’ compared to 
‘on time’ first birth, school leaving explains a significantly smaller portion of the base effects, 
whereas cognitive and non-cognitive skills account for between one third and two thirds of 
the effects, rendering grandparent occupational status non-significant in the case of ‘no birth’. 
Childhood health status does not substantially change the parameter estimates for any aspect 
of women’s family socio-economic background.  
The modelling results for grandparents’ socio-economic status are considerably weaker for 
men. No significant effects were found for grandparent education. For grandparent 
occupational status, higher status predicts lower log-odds of an ‘early’ first birth (b = -0.21, p 
< .001) and higher log-odds of ‘late’ first birth (b = 0.18, p < .001), but is non-significant in 
the ‘no birth’ equation. In the case of ‘early’ first births, school completion and 
cognitive/non-cognitive skills both explain a component of the relationship between 
grandparent occupational status and fertility timing, so that in the final model the parameter 
estimate is reduced by slightly less than half (b = -0.12, p < .01). The corresponding 
parameter estimate for ‘late’ first birth timing is mostly unchanged by the inclusion of the 
additional predictors in models two through five.  
Concluding the discussion of results for family background, the estimated effects for 
grandparent family formation patterns are now described, including indicators for whether the 
respondent lived with both biological parents as a teenager, whether their own mother was 
aged under twenty when the respondent was born, and whether the respondent grew up with a 
large (four or more) number of siblings. For women, all of these variables show strong 
relationships with the probability of experiencing an ‘early’ first birth. Living with both 
biological parents at age 14 is associated with 0.40 (p < .001) lower log-odds of ‘early’ 
compared to ‘on time’ first birth, while being born to a young (grand)mother (b = 0.55, p < 
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.001) and growing up with four or more siblings (b = 0.46, p < .001) are both linked to 
significantly higher odds of early first birth. For ‘late’ first births, log-odds are reduced for 
those who were born to a young mother (b = -0.31, p < .05) and came from large families (b 
= -0.26, p < .01). Coming from a large family also reduces the likelihood of remaining 
childless (b = -0.32, p < .01). These effects are reduced by up to a quarter when additional 
explanatory variables are included in the model, with the largest reductions attributable to 
school leaving for ‘early’ births and to cognitive/non-cognitive skills for ‘late’ and ‘no birth’ 
comparisons. In sum, being born to a young mother and having many siblings are linked to 
earlier first birth timing, and in the case of siblings, also to reduced childlessness. Growing up 
with both biological parents is predictive only of reduced likelihood of ‘early’ first birth 
timing.  
With respect to men’s ‘early’ first birth timing, the results for grandparent family formation 
mirror those for women, although the magnitude of the coefficients is smaller. Men who lived 
with both biological parents at age 14 were less likely to experience an early first birth (b = -
0.19, p < .05), while those who had a young mother (b = 0.36, p < .01) or had four or more 
siblings (b = 0.36, p < .001) were more likely to do so. The inclusion of additional 
explanatory variables reduces the magnitude of these effects by up to half, with the 
reductions attributable to school leaving and cognitive/non-cognitive skills. The effect for 
having lived with both biological parents is rendered non-significant in models which include 
either school leaving or cognitive/non-cognitive skills. For later births, however, no 
significant differences were observed on the basis of grandparent family formation. For ‘no 
birth’, men who had a young mother were less likely to remain childless (b = -0.38, p < .05).  
5.5.2 School leaving, health, and cognitive/non-cognitive skills  
Tables 5.3 and 5.4 present the estimates for the potential ‘intervening’ variables in the 
models: school leaving, health, and cognitive/non-cognitive skills. To reiterate, the 
parameters which are reported here are from the same models (model 2 to model 5) reported 
in the previous section.  
Early school leaving (model 2) is strongly linked to ‘early’ first birth timing for women, with 
women who left school before the age of 16 much more likely to have their first birth before 
the age of 22 than women who remained in school past this age (b = 0.99, p < .001). Smaller 
effects were found when comparing ‘late’ or ‘no birth’ to ‘on time’ first birth, with parameter 
estimates of b = -0.39 (p < .001) and b = -0.35 (p < .01) respectively indicating that early  
102 
Table 5.3: Schooling, health, skills and fertility timing, women 
‘Early’ (1,601) vs ‘On time’ (3,159) 
 M2 M3 M4 M5 
Education     
Left school before 16  0.99***   0.90*** 
Childhood health/health environment     
Self-rated (poor) health in childhood  0.05  0.02 
Grandparents smoked  0.21*  0.16 
Missed a month of school due to poor 
health 
 
0.11 
 
0.10 
Long term health condition present at age 
15  
 
0.45** 
 
0.40** 
Personality traits/locus of control     
Agreeableness   -0.04 -0.06 
Extraversion   0.03 0.02 
Conscientiousness   -0.04 -0.02 
Openness to experience   0.04 0.06 
Emotional stability   0.00 0.01 
Locus of control   0.04 0.03 
Cognitive ability scores     
Backwards digit span   -0.04 -0.04 
Word pronunciation   -0.26*** -0.17** 
Symbol digits    -0.03 0.01 
 
‘Late’ (1,231) vs ‘On time’ (3,159) 
Education     
Left school before 16  -0.39***   -0.30** 
Childhood health/health environment     
Self-rated (poor) health in childhood  0.01  0.03 
Grandparents smoked  -0.03  -0.03 
Missed a month of school due to poor 
health 
 
-0.07 
 
-0.09 
Long term health condition present at age 
15  
 
-0.14 
 
-0.14 
Personality traits/locus of control     
Agreeableness   -0.06 -0.06 
Extraversion   0.03 0.04 
Conscientiousness   0.02 0.02 
Openness to experience   0.03 0.03 
Emotional stability   -0.10* -0.10* 
Locus of control   -0.09* -0.09* 
Cognitive ability scores     
Backwards digit span   -0.06 -0.06 
Word pronunciation   0.25*** 0.22*** 
Symbol digits    -0.02 -0.03 
 
‘No birth’ (802) vs ‘On time’ (3,159) 
Education     
Left school before 16  -0.35**   -0.18 
Childhood health/health environment     
Self-rated (poor) health in childhood  0.14**  0.15** 
Grandparents smoked  0.00  0.02 
Missed a month of school due to poor 
health 
 
0.12 
 
0.10 
Long term health condition present at age 
15  
 
0.32 
 
0.29 
Personality traits/locus of control     
Agreeableness   -0.30*** -0.29*** 
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Table 5.3 cont.     
 M2 M3 M4 M5 
Extraversion   -0.18*** -0.18*** 
Conscientiousness   0.11* 0.12* 
Openness to experience   0.25*** 0.22*** 
Emotional stability   -0.06 -0.07 
Locus of control   -0.11* -0.13* 
Cognitive ability scores     
Backwards digit span   -0.13* -0.13* 
Word pronunciation   0.43*** 0.42*** 
Symbol digits    -0.12* -0.11* 
     
school leavers are less likely to have a late first birth or remain childless. Inclusion of health 
and cognitive/non-cognitive skills in model 5 reduces the birth timing effects slightly, and 
renders the ‘no birth’ parameter non-significant. For men, early school leaving increases the 
log-odds of an early first birth (b = 0.56, p < .001), but is otherwise non-significant. In model 
5, with the additional explanatory variables included in the model, the difference in early 
births is reduced by approximately one quarter.  
Turning to childhood health (model 3), the model results show that having parents who 
smoked (b = 0.21, p < .05) or having a long-term health condition which was present at age 
15 (b = 0.45, p < .01) are linked to women’s increased likelihood of experiencing an ‘early’, 
compared to ‘on time’ first birth. The effect for parent smoking is non-significant in the final 
model, while that for long-term health conditions remains robust (b = 0.40, p < .01). No 
aspect of health status in childhood predicts ‘late’ first birth timing, while poor self-rated 
health in childhood increases women’s likelihood of remaining childless (b = 0.14, p < .01), 
an effect which is unchanged by the introduction of other variables in model 5. For men, a 
weaker pattern of effects emerges with respect to birth timing – parent smoking predicts 
increased likelihood of an early first birth (b = 0.20, p < .05), but is no longer significant in 
the final model. Other health parameter estimates are non-significant. For ‘no birth’ however, 
there are strong effects of self-rated childhood health (b = 0.17, p < .001) and presence of a 
long-term health condition at age 15 (b = 0.66, p < .001). The effects of childhood health on 
the probability of not becoming a parent are reduced, albeit only slightly, in the final model.  
Model 4 introduces cognitive and non-cognitive skills as predictors. Here, the same general 
pattern appears for men and women (although the effects are perhaps stronger for women): 
non-cognitive skills (as represented by the ‘big five’ personality dimensions and locus of 
control) do not predict ‘early’ first birth timing, and only weakly predict ‘late’ first birth 
timing, but in particular for women, are much more strongly predictive of childlessness.  
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Table 5.4: Schooling, health, skills and fertility timing, men 
‘Early’ (1,435) vs ‘On time’ (2,478) 
 M2 M3 M4 M5 
Education     
Left school before 16  0.56***   0.42*** 
Childhood health/health environment     
Self-rated (poor) health in childhood  -0.06  -0.08 
Grandparents smoked  0.20*  0.17 
Missed a month of school due to poor 
health 
 
0.02 
 
0.03 
Long term health condition present at age 
15  
 
0.24 
 
0.21 
Personality traits/locus of control     
Agreeableness   -0.05 -0.06 
Extraversion   -0.01 -0.02 
Conscientiousness   0.07 0.07 
Openness to experience   0.05 0.06 
Emotional stability   -0.05 -0.05 
Locus of control   -0.02 -0.02 
Cognitive ability scores     
Backwards digit span   0.07 0.07 
Word pronunciation   -0.31*** -0.27*** 
Symbol digits    -0.06 -0.03 
 
‘Late’ (1,197) vs ‘On time’ (2,478) 
Education     
Left school before 16  -0.13   -0.07 
Childhood health/health environment     
Self-rated (poor) health in childhood  0.05  0.05 
Grandparents smoked  0.00  0.01 
Missed a month of school due to poor 
health 
 
-0.12 
 
-0.13 
Long term health condition present at age 
15  
 
0.10 
 
0.08 
Personality traits/locus of control     
Agreeableness   -0.08 -0.08 
Extraversion   -0.03 -0.02 
Conscientiousness   -0.03 -0.03 
Openness to experience   0.07 0.07 
Emotional stability   0.06 0.06 
Locus of control   0.03 0.03 
Cognitive ability scores     
Backwards digit span   -0.03 -0.03 
Word pronunciation   0.14** 0.14* 
Symbol digits    -0.05 -0.05 
 
‘No birth’ (1,134) vs ‘On time’ (2,478) 
Education     
Left school before 16  0.02   0.00 
Childhood health/health environment     
Self-rated (poor) health in childhood  0.17***  0.14** 
Grandparents smoked  0.05  0.07 
Missed a month of school due to poor 
health 
 
-0.12 
 
-0.10 
Long term health condition present at age 
15  
 
0.66*** 
 
0.59** 
Personality traits/locus of control     
Agreeableness   -0.06 -0.06 
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Table 5.4 cont.     
 M2 M3 M4 M5 
Extraversion   -0.24*** -0.24*** 
Conscientiousness   0.06 0.07 
Openness to experience   0.12* 0.12* 
Emotional stability   0.06 0.06 
Locus of control   0.10* 0.09 
Cognitive ability scores     
Backwards digit span   0.03 0.04 
Word pronunciation   0.09 0.09 
Symbol digits    -0.25*** -0.24*** 
     
Cognitive skills on the other hand are associated with both fertility timing and childlessness, 
for both men and women.  
To be specific, women who are scored higher on the ‘emotional stability’ dimension and 
those who have more external locus of control are less likely to have a ‘late’ first birth, with 
non-cognitive skills otherwise unrelated to women’s birth timing. By contrast, large effects 
were found comparing ‘no birth’ to ‘on time’ birth. Higher ‘agreeableness’ decreases 
women’s likelihood of remaining childless (b = -0.30, p < .001), as does being more 
extraverted (b = -0.18, p < .001), and having a more external locus of control (b = -0.11, p < 
.05). Higher conscientiousness (b = 0.11, p < .05) and ‘openness to experience’ (b = 0.25, p < 
.001) are on the other hand linked to increased chances of not becoming a mother by age 41. 
All these effects are generally unchanged by the inclusion of school leaving and health in the 
model. As discussed, no significant links were found between men’s non-cognitive skills and 
their first birth timing. As for women, more extraverted men are significantly less likely to 
remain childless (b = -0.24, p < .001), while men who score more highly on ‘openness to 
experience’ (b = 0.12, p < .05) are more likely. Contrasting with the results for women more 
external locus of control is linked to increased likelihood of remaining childless, and 
conscientiousness and agreeableness are not significantly associated with childlessness for 
men.  
For cognitive skills, word pronunciation scores are the most strongly associated item, with 
higher scores linked in general to later first birth timing and (for women) increased likelihood 
of remaining childless. For women, the relevant parameters are b = -0.26 (p < .001) for 
‘early’ first birth, b = 0.25 (p < .001) for ‘late’ first birth, and b = 0.43 (p < .001) for ‘no 
birth’. The other two items, backwards digit span and symbol digits scores, are unrelated to 
women’s birth timing, although higher scores predict decreased likelihood of remaining 
childless (b [backwards digit span] = -0.13, p < .05; b [symbol digits] = -0.12, p < .05).  
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Similarly for men, higher word pronunciation scores are linked to lower likelihood of an 
early first birth (b = -0.31, p < .001), and increased likelihood of a ‘late’ first birth (b = 0.14, 
p < .01). Backwards digit span and symbol digits scores are unrelated to men’s fertility 
timing. In the ‘no birth’ comparison however, higher symbol digits scores are strongly related 
to reduced likelihood of remaining childless (b = -0.25, p < .001), while the parameters for 
backwards digit span and word pronunciation scores are non-significant.  
5.6 Summary  
The multinomial logistic model results show that fertility timing and childlessness are linked 
to family background – including grandparent socio-economic status and family formation 
patterns – as well as school completion, health in childhood, and cognitive/non-cognitive 
skills. The modelling largely confirms the descriptive analyses in this regard. What 
generalizations can be drawn from these results? 
First, disadvantage is broadly predictive of earlier fertility and lower likelihood of remaining 
childless (although with respect to childlessness, early life health status is an important 
exception). This confirms earlier literature on the subject (e.g. Raymo et al 2015). As these 
other factors may independently lead to poorer health outcomes, it further reaffirms the 
importance of careful attention to confounding and selection in later analyses. Disadvantaged 
grandparent socio-economic backgrounds or family formation patterns, as well as schooling 
and cognitive ability, increase the likelihood of early first birth timing. For women, the 
presence of a long term health condition at age 15 also increases the likelihood of an early 
first birth.  
Second, family background and school completion in general seems to be more strongly 
related to women’s fertility timing than it is to men’s fertility timing. This observation is 
borne out by the generally larger parameter estimates for these variables in the models 
predicting women’s fertility timing. So, for instance, grandparent family formation patterns 
are predictive of both ‘late’ and ‘early’ fertility timing for women, but only ‘early’ fertility 
for men and with uniformly smaller parameter estimates. Similarly, the parameter for early 
school leaving in the ‘early’ vs ‘on time’ contrast is nearly twice as large for women as it is 
for men, and is also significant as a predictor of ‘late’ motherhood, but not ‘late’ fatherhood. 
While it is difficult to offer a definitive conclusion as to why this may be the case, we might 
speculate that this is evidence of fertility timing decisions being more strongly dependent on 
the female partner, potentially including her degree of attachment to the paid labour market. 
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With respect to later analyses, it suggests also that all else equal there is more potential for 
confounding of the relationship between fertility timing and health status (on the measures 
we observe) for women than for men. 
Third, the predictors of fertility timing differ between early/late fertility and from those of 
childlessness. Perhaps unsurprisingly, family background and schooling (in most cases, the 
primary exception being grandparent education in the female models, which is a significant 
predictor of ‘late’ or ‘no birth’, but not ‘early’ fertility) distinguishes more strongly between 
‘early’ and ‘on time’ fertility than between ‘late’ and ‘on time’ fertility. This is likely to 
reflect the relatively increased importance of more proximal factors in fertility decisions 
taken later in life. For childlessness, it is important to note that early life health (specifically 
for men), and a number of non-cognitive skills measures, appear more predictive than for 
fertility timing. Specifically, the multinomial logistic regression results showed that men who 
had a long-term health condition at age 15, or rated their childhood health poorly were much 
less likely to become parents by age 41. For women, this finding was replicated for self-rated 
childhood health, but not the presence of long-term conditions. Overall, there is some 
evidence that entry to parenthood is selected on good health early in life. With non-cognitive 
skills, a number of large effects were found on women’s likelihood of remaining childless: 
women who were more extraverted, agreeable, or who had a more external locus of control, 
were less likely to remain childless, while those who were more conscientious or open to 
experience were more likely to do so. This contrasts with only small effects of these measures 
on women’s likelihood of ‘late’ fertility, and no significant effects with respect to early 
fertility. For men, extraversion, lower ‘openness to experience’ and more internal locus of 
control were predictive of parenthood.   
Finally, the modelling provided only modest evidence that the effects of family background 
on fertility timing could be explained in terms of childhood health, school completion, or 
cognitive/non-cognitive skills. Where some portion of the family background parameters 
appeared to be accounted for by these additional explanatory variables, the difference seemed 
to be most clearly attributable to school leaving in the case of ‘early’ parenthood and 
cognitive/non-cognitive skills for later parenthood or childlessness. This indicates that both 
family background may continue to confound the relationship between fertility timing and 
later-life health, even when these more proximal factors are accounted for.  
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Chapter 6: Age at first birth and health outcomes 
6.1 Introduction 
Becoming a parent represents a pivotal moment in the lives of many people – joy (and stress, 
and fear) is accompanied by far-reaching changes to lifestyle and relationships that may 
persist for many years. On balance, these changes may be neutral for many or most new 
parents – for instance most research finds that parenthood overall has little effect on 
immediate wellbeing (Hansen 2012; McLanahan & Adams 1987). The nature of this 
relationship is however highly variable, as other research shows that the effects of parenthood 
on well-being varies with respect to multiple factors (e.g. Pollmann-Schult 2014). As noted 
by Umberson, Pudrovska and Reczek (2010), the effects of fertility are likely to be very 
diverse, and there is consequently a need to address issues that may drive this variability. 
More broadly, the transition to parenthood is also a potentially fragile moment in the life 
course, when the demands of parenting can threaten to overwhelm those who are poorly 
prepared or poorly supported. It is therefore important that prospective parents are prepared 
for their new role. A first birth which comes at a time when parents lack the necessary 
resources to cope can create stress, financial hardship, and impact on subsequent educational 
and labour market attainment. 
6.2 Empirical literature review  
The life course principle of ‘timing’ suggests that the age at which a person first becomes a 
parent may represent an important source of heterogeneity in the experience, and ultimate 
consequences, of parenthood (Elder & Giele 2009). Empirical support for the importance of 
first birth timing comes from a large number of studies which find that older age at first birth 
(henceforth AFB) is associated with better health outcomes and lower mortality for both 
fathers and mothers (e.g. Grundy 2009; Grundy & Kravdal 2008; Grundy & Tomassini 2005; 
Hardy et al. 2009; Henretta 2007; Mirowsky 2002, 2005; Pudrovska & Carr 2009; Spence & 
Eberstein 2009). The common rationale for this finding is as Mirowsky (2005: 32) puts it, 
that “better health and survival come from delaying as long as possible […] in order to 
lengthen education, establish an employment history and stable marriage, and build 
household income and wealth”. In short, early parenthood places demands on time and 
resources. Parents who lack the resources to cope with these demands, and their flow on 
effects may experience negative consequences for long-term health.  
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Since Kington, Lillard and Rogowski’s (1997) initial study showed that US mothers whose 
first completed pregnancy occurred before age 18 were at significantly higher risk of health-
related limitations in activities of daily living, the empirical literature has been extended in 
several ways. For instance, Mirowsky (2002, 2005) demonstrates that the relationship 
between AFB and health outcomes is not limited to teenage parenthood, but is positive up to 
the early 30s for women (declining thereafter) and linear positive for men. Other studies have 
found that the relationship exists for a variety of health outcomes (including all-cause 
mortality, self-rated health, obesity, cardiovascular risk factors, and chronic disease 
prevalence), for men and women, and across a number of developed economies including the 
US, the UK, Norway, Finland, Sweden, Belgium, Germany, France, and the Netherlands 
(Barclay et al. 2016; Grundy 2009; Grundy & Foverskov 2016; Grundy & Kravdal 2008, 
2010; Pudrovska & Carr 2009; Spence & Eberstein 2009).  
Alongside these results, there have also been a number of important null findings: Grundy 
and Foverskov (2016), using the first wave of the Generations and Gender Survey (GGS) find 
that the health consequences of early (pre-20 for women and pre-23 for men) parenthood are 
primarily restricted to western European countries and weaker or absent in eastern European 
countries where early parenthood is a comparatively normative event. Several other studies 
(e.g. Hank (2010); Kington, Lillard & Rogowski (1997)) find mostly non-significant results 
for early parenthood across several health outcomes, although this may be attributable to 
these papers reporting analyses that adjust for covariates that may in part be caused by early 
parenthood – for instance mid-life socio-economic position or marital status. Finally, it is 
important to recognize that the physiological consequences of pregnancy and childbirth for 
women’s bodies may lead to effects for specific clinical outcomes that are at odds with the 
general pattern. Perhaps the most important example of this is breast cancer, where women 
who first became mothers at an older age are more likely to suffer from the disease (Ewertz et 
al. 1990; MacMahon et al. 1970). Kaae et al. (2007) also find (in the Danish population) that 
increasing AFB (up to the mid-30s) is linked to increased risk of cutaneous malignant 
melanoma among both men and women. The similarity of effects for men and women 
suggests that social factors linked to AFB (rather than immediate biological consequences of 
childbearing) are likely driving the observed counter-directional relationship in this case.  
Efforts to ascertain whether the observed relationships between AFB and later life health and 
mortality are spurious have employed several main research designs. The most common 
strategy is regression adjustment for potential background confounders. Perhaps reflecting 
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data availability, the set of confounders that are typically adjusted for is quite limited, 
including early-life family structure, socio-economic status, demographic characteristics such 
as year of birth and ethnicity, and in some cases early life health.  
Recently, a number of studies have employed more sophisticated analytic techniques, 
including propensity score matching and sibling- or twin- fixed effects, to estimate health 
effects of first birth timing. Williams et al. (2015) use a propensity score matching design 
with the 1979 National Longitudinal Survey of Youth (NLSY) to examine effects of birth 
timing (coded 15-19, 20-24, and 25-35) on women’s self-rated health at age 40. Their 
analyses indicate that a first birth that occurs in the 20-24 age range is linked to poorer self-
rated health for both black and white women, and an AFB of 15-19 is also linked to poorer 
health for black but not white women (compared to 25-35). They find however, that a birth in 
the 20-24 age range is not linked to better health outcomes when compared with a birth from 
15-19. The propensity score matching (PSM) design used by Williams et al. (2015) has 
several advantages compared to the common strategy of regression adjustment, most notably 
ensuring that the ‘treated’ and ‘control’ groups used in the final comparisons overlap, and 
thereby reducing model dependence in their analyses (Ho et al. 2007). However, in common 
with all propensity score approaches, Williams et al’s (2015) analyses can only adjust for 
observed confounders. In this case, the set of factors adjusted for are perhaps marginally 
richer than is often the case, including for instance contraceptive use prior to the first birth, 
availability of reading material as a child, and pre-existing health limitations. Nonetheless, 
there remains substantial potential for confounding on the basis of other, unobserved, factors.  
Sibling (including twin) fixed effects (SFE) models offer an alternative strategy to address 
the link between AFB and health outcomes. Because they are estimated using only the within 
(sibling or twin) pair variance, SFE estimates are robust to unobserved confounding on the 
basis of shared family environment or genetic influences, and by comparing the results with 
those obtained using simple regression, provide an indication of the extent to which estimates 
are likely to be confounded by these factors. Pudrovska and Carr (2009) use the SFE strategy 
to investigate the effect of fathers’ AFB on a count of prevalent chronic disease (for US 
respondents aged 25-74). They report that older AFB is linked to fewer chronic diseases, and 
that the strength of the relationship does not differ when estimated using SFE compared to 
simple poisson regression, or across monozygotic, dizygotic, or non-twin sibling pairs. Their 
results therefore suggest that the link between early fatherhood and chronic disease 
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prevalence is unlikely to be the product of confounding on the basis of shared family 
environment or genetics.  
Two recent studies using SFE with Finnish and Swedish register data extend this result to 
mortality, although both are based on sibling rather than twin data (Barclay et al. 2016; Einio, 
Nisen & Martikainen 2015). Einio, Nisen and Martikainen (2015) address the relationship 
between AFB and Finnish fathers’ mortality risk, and find that older AFB is negatively 
related to mortality, with little difference between ordinary survival models and the SFE 
variant. Barclay et al. (2016) similarly find that early first birth timing contributes to higher 
mortality risk, for Swedish men and women, and for all-cause mortality as well as mortality 
caused by neoplasms, diseases of the circulatory system, external causes, and other causes. 
Again, they find little difference between traditional and SFE approaches.  
Overall, previous research is therefore consistent with a beneficial effect of older AFB on 
later life health, present for both sexes and multiple aspects of health/mortality. There are 
however, several important caveats. First, as Barclay et al. (2016) point out, SFE approaches 
adjust only for shared environment and genetics, leaving confounding on the basis of 
unobserved non-shared factors untouched. They point to personality or prior health status as 
potentially sibling-discordant factors that may confound estimated associations between AFB 
and health, to which we might add numerous other confounders such as cognitive skills, birth 
order, and non-shared genetic endowments. Absent the ability to randomize AFB, analysis of 
these issues will likely continue to depend on measuring and adjusting for a sufficiently rich 
set of background covariates.  
Building on existing literature and the analysis reported in the previous chapter, this chapter 
analyses the relationship between AFB and later life general physical health in Australia. In 
doing so, it makes several contributions. First, the analysis reported here is to my knowledge 
the first investigation of the relationship between AFB and physical health in the Australian 
context (although see Aitken et al. (2016) for an analysis of the relationships between AFB 
and mental health using the same data). Second, because the HILDA data carries measures of 
cognitive skills, non-cognitive skills, and childhood health, it is possible to examine to what 
extent these factors are likely to confound the relationship between AFB and physical health. 
This is important because it provides an assessment of how trustworthy the results of 
published or future studies that are unable to adjust for these factors are likely to be. Third, by 
exploiting the longitudinal nature of the data, the analysis examines the effect of AFB on 
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trajectories of physical health, including both level and rate of change. Almost all previous 
studies have assessed the impact of AFB on later life health at a single time point, with the 
sole exception being Read, Grundy and Wolf (2011) who report a panel data analysis of 
health limitations in the British population that includes age by AFB interactions. They find 
that the probability of having a health limitation increases with age at a faster rate for men 
and women who had an early first birth (although the effect is much larger for women). 
Assessing the effect of AFB on the rate of change in physical health is therefore a potentially 
important contribution of the research.  
The structure of the chapter is as follows. The next section reviews possible mechanisms 
underlying the overall link between AFB and later life health, and based on this discussion 
defines several research questions for the chapter. I then review the data and methodology 
used in the chapter, before proceeding to the presentation of results. The chapter concludes by 
discussing the findings of the research, linking the analysis to the broader literature, and 
suggesting directions for future work.  
6.3 Theory and mechanisms 
Conceptually, AFB may be related to long term physical health for a number of reasons, 
including (for women) immediate biological consequences of childbearing, confounding on 
the basis of early-life (dis)advantage, and effects of birth timing on achieved socio-economic 
status, social capital, and ‘life style’ risk factors. Each of these issues are discussed in turn.  
6.3.1 Biological effects of birth timing 
For women, birth timing has potential direct physiological consequences for their (and their 
child’s) health. From a biological perspective, older mothers’ bodies are less well prepared 
for pregnancy and delivery (due to both general age related ‘weathering’ and increased 
prevalence of chronic diseases such as obesity, diabetes or hypertension) and are therefore 
more likely to experience a range of complications or require a caesarean delivery 
(Bayrampour & Heaman 2010; Luke & Brown 2007). Older maternal age is also linked to 
substantially increased risk of developing breast cancer (Merrill et al. 2005). Conversely, 
early teen motherhood has also been linked to a number of adverse pregnancy and birth 
outcomes, including low birthweight, fetal death or anaemia, and maternal cervical and 
endometrial cancers, although the link with cervical cancer is likely to reflect a shared 
association with early sexual behaviour (de Vienne, Creveuil & Dreyfus 2009; Merrill et al. 
2005).  
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Aside from chronic disease outcomes and immediate complications of pregnancy, AFB may 
also contribute to women’s long run health outcomes through another part-biological 
pathway: lower completed fertility. It is well established that women who commence 
childbearing at an older age will have fewer children on average, because of both the shorter 
available fertile window and selection of women with smaller ideal family sizes into later 
commencement (Kohler, Skytthe & Christensen 2001; Schmidt et al. 2012; Sobotka 2004). 
High completed fertility may be detrimental to women’s long term health, as prominent 
biological theories suggest a trade-off between fertility and longevity, reflecting the body’s 
need to devote resources to fertility in lieu of repair and maintenance (Kirkwood & Rose 
1991). In support of these arguments there is a considerable body of empirical evidence 
showing that high levels of fertility are associated with poorer health and increased mortality, 
although the observed relationships are often not strictly linear, with low or no fertility also 
associated with poorer health and mortality (Doblhammer 2000; Hurt, Ronsmans & Thomas 
2006). On net, biological factors offer uncertain guidance with respect to what kind of 
relationship (if any) should exist between AFB and later life health outcomes in different 
contexts. 
6.3.2 Early life (dis)advantage and selection into AFB 
Because the observed relationships between AFB and physical health is present in both sexes, 
it seems very likely that social factors are also implicated. One broad class of explanation is 
that background factors related to selection into early AFB also contribute to health 
disadvantage, meaning that the raw association between AFB and physical health likely 
overestimates the ‘true’ effect. It is well established that those who experience childhood 
disadvantage are both more likely to experience an early first birth (Raymo et al. 2015; 
Imamura et al. 2007), and also more likely to experience poorer later life health (Hayward & 
Gorman 2004; Palloni 2006).  
Confounding of the relationships between AFB and health may take several forms. First, 
early life socio-economic position may be linked to physical conditions that create long term 
health deficits, independent of intervening social processes (Palloni 2006; Haas 2007). A 
great deal of life course epidemiology documents ‘sensitive’ or ‘critical’ periods in childhood 
(Kuh et al. 2003), that arise from the fact that throughout childhood (and in utero), bodily 
systems are developing and may be particularly sensitive to insults that would have only 
minor effects in other developmental stages. As the ‘fundamental cause’ concept indicates 
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(Phelan, Link & Tehranifar 2010), socio-economic status carries with it a diffuse array of 
family and neighbourhood resources and exposures that may affect children’s physical 
development, and these effects can manifest many years later. Childhood disadvantage may 
also affect health through adult disadvantage. Disadvantage is often persistent over the life 
course, and children from poorer backgrounds may become adults who lack the necessary 
resources to manage their health. Thus, the association between AFB and health may be 
partly the product of childhood socio-economic position affecting both AFB and later life 
health.  
Confounding of the relationship between AFB and health may also occur on the basis of 
other factors, notably childhood health and cognitive and non-cognitive skills. Of course, 
childhood health and cognitive and non-cognitive skills are partly driven by family SES in 
childhood, but they are partly independent of it and may therefore separately confound the 
AFB-health relationship. ‘Health selection’ may occur with respect to AFB if, for instance, 
less healthy people possess less capacity to succeed in the labour market and consequently 
elect to focus on family formation instead. Cognitive and non-cognitive skills, as a diverse set 
of attributes, may confound the AFB-health relationship via a similarly diverse set of 
mechanisms. For instance, a great deal of research links cognitive and non-cognitive skills to 
labour market success, and this may both induce individuals to delay childbearing and 
provide resources beneficial to the maintenance of health. However, many alternative 
mechanisms may also exist. For example, Tavares (2016) shows that among women with 
higher levels of education, more ‘conscientious’ women tend to delay childbearing, and Bogg 
and Roberts (2004) review a large body of evidence showing that conscientiousness is 
negatively associated with risky health-related behaviours including smoking, alcohol use, 
drug use, and risky sexual behaviour. Distinguishing these different sources of confounding is 
important because many studies lack access to measures of childhood health or cognitive and 
non-cognitive skills, and to interpret their results it is therefore imperative to understand how 
much bias is likely to arise from failure to adjust for them.  
6.3.3 AFB and life course disadvantage 
From a sociological perspective, perhaps the most important possibility is that early AFB 
negatively affects health by restricting subsequent socio-economic status attainment and 
social capital (in particular partnership), and these factors in turn limit younger parents 
achieved health. The pressures of parenting in the straitened circumstances typical of early 
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childbearing may also contribute to a broader process of ‘stress proliferation’ (Pearlin 2010), 
potentially contributing to risky health-related behaviors as a strategy to manage the stress. 
As noted earlier, the body’s physiological responses to stress, although adaptive in the short 
term, likely carry serious negative consequences for physical health when the stress is 
chronic.   
Evidence for the proposition that early AFB causes later socio-economic or relationship 
inequality is mixed. With respect to teenage parenthood in particular, research has 
increasingly tended to the view that apparent differences in the economic outcomes of 
teenage parents are primarily the product of pre-existing disadvantage rather than causal 
effects of teenage parenthood per se (Bradbury 2006; Hotz, McElroy & Sanders 2005). For 
instance, a number of studies (including Bradbury’s (2006) study with Australian women) 
using miscarriage as an instrumental variable for teenage fertility find that there are few 
negative socio-economic effects, and in some cases even positive effects. Studies using 
sibling or matching designs also tend to find only small negative or null findings of teenage 
parenthood on economic outcomes (Ashcraft, Fernandez-Val & Lang 2013; Hotz, McElroy & 
Sanders 2005). There are nonetheless exceptions: Ermisch and Pevalin (2004) show (using 
the miscarriage instrument) that teenage motherhood has large negative effects on the 
probability of owner-occupancy of housing in mid-life, and Diaz and Fiel (2016) report a 
consistent negative effect of teenage pregnancy on the probability of high-school completion. 
Beyond the teenage years, consistent evidence suggests that fertility postponement is 
beneficial for women’s economic situation, including labour force participation, wages, 
earnings, and work hours (Bratti & Cavalli 2014; Buckles 2008; Herr 2016; Miller 2011; 
Taniguchi 1999).  
It is important to note that the economic effects of fertility timing may also be heterogeneous, 
with most previous work finding that comparatively advantaged women may be most 
affected. For instance, Diaz and Fiel (2016) find that teenage pregnancy is positively selected 
with respect to income and college completion, with the (most disadvantaged) women who 
were most likely to experience a teenage pregnancy also having the least negative 
consequences. The largest negative consequences of teenage pregnancy were found among 
comparatively advantaged women who were less likely to experience it, perhaps reflecting 
their otherwise better prospects. Miller’s (2011) study of the career consequences of fertility 
postponement similarly finds that early motherhood penalties are largest among highly 
educated and professional women. Also noteworthy in this regard is Taniguchi’s (1999) 
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finding that motherhood wage penalties (defined by the interaction between AFB and number 
of children, and assessed in the late 30s) are significant only for women aged 20-27 at first 
birth.  
With respect to partnership formation and marriage, a small body of studies (primarily based 
on the instrumental variables strategy) show that teenage motherhood is linked to reduced 
likelihood of being married later in life. In Australia, Bradbury (2006) analyses a panel of 
women and finds that teenage motherhood reduces the probability of being married at age 29. 
Ermisch and Pevalin (2005) similarly find for UK women born in 1970 that early parenthood 
reduces the likelihood of having ever married by age 30 as well as being married at age 30. 
They report furthermore that, where partnered, teenage mothers’ partners are less likely to 
have remained in education past age 16, less likely to be employed, and earn less on average. 
At older ages, there is little specific evidence regarding an association between fertility 
timing and later marital status. However, it is important to note that non-marital unions, 
which are more common as a context for childbearing at younger ages, have been 
consistently shown to be less stable than marital unions (Seltzer 2000). Marriages entered 
into at a younger age (as might be the case if a young first birth precipitates a ‘shotgun’ 
marriage) have also been found to be more likely to result in divorce (South 1995; Teachman 
2002). Indirectly, previous research therefore suggests that partnership formation and 
dissolution processes may be a mechanism for the transmission of health effects of AFB at 
both teenage and younger adult ages.  
Finally, evidence for the effect of birth timing on health behaviors is currently quite limited. 
One Australian based twin study found that teenage mothers were more likely than their twin 
sisters to smoke and be overweight later in life, and also had spouses who were more likely to 
smoke and drink heavily (Webbink, Martin & Visscher 2008). These findings are, however, 
contradicted by a similar US based study that found no effect of teenage motherhood on later 
health behaviors (Fletcher 2012). Wolfe (2009) investigates trajectories of alcohol use in 
relation to first birth timing (comparing parenthood at age 22 or younger to 23 or older) and 
finds that younger parents reduce their binge drinking through mid-life at a slower rate.  
With respect to mechanisms for an effect of AFB on health, an overarching point concerns 
the timing of intervening bodily insults. Both ‘stress proliferation’ (Pearlin 2010) and 
‘cumulative advantage’ (DiPrete & Eirich 2006; O’Rand 2002) perspectives indicate that 
negative events (such as a poorly timed first birth) create a degree of path-dependence, 
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suggesting that the health effects of AFB may in part be attributable to socio-economic 
circumstances, social relationships, or health behaviours in mid-life. As this chapter uses data 
from mid-life, this is the primary possibility that is addressed in the present analysis. Poor 
first birth timing may, however, also create temporary hardships or changes in behaviour – 
that lead to persistent health deficits – without otherwise affecting the long-term situation of 
the parents. This issue is addressed directly in the next chapter, which uses data from an 
earlier life stage surrounding the parenthood transition.  
Based on the preceding discussion and the life course theoretical framework, four main 
research questions for the chapter are now defined.  
6.4 Research questions 
1: What is the association between AFB and long-run physical health for men and women in 
the Australian population? 
The first research question is concerned simply with documenting the nature of the 
association between AFB and long-run physical health. Associations between AFB and later 
physical health have been amply demonstrated in previous research, and the relationship in a 
subset of the sample is illustrated graphically in the previous chapter. However, it is still 
important to establish a baseline estimate of the strength and shape of the relationship in the 
present data. The baseline models estimated in response to this research question both present 
salient empirical facts about the sample under study, and also serve as a comparison point for 
more complex models.  
2: Can the associations between AFB and long-run physical health for men and women be 
understood as the product of confounding on the basis of childhood SES, childhood health, or 
stable cognitive and non-cognitive skills? 
The second research question seeks to establish whether, or to what extent the AFB-health 
relationship is the product of confounding. Previous research often shows that unadjusted 
estimates of the effect of AFB are substantially reduced when controls for childhood SES and 
childhood health are introduced (Grundy & Foverskov 2016), indicating that there is a 
substantial selection effect. It is also important to consider how the estimated AFB-health 
parameters change when different sets of potential confounders are adjusted for, as many 
studies either lack access to measures of childhood health and cognitive and non-cognitive 
skills or fail to control for them. Consequently, in order to interpret the results of these studies 
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it is useful to assess to what degree the AFB-health relationship is likely to be confounded by 
childhood health and skills.  
After adjusting for all observed confounders, the AFB parameters may be regarded as our 
best estimate of the effect of fertility timing on long-run health. It is important to stress 
however, that although the analyses include controls for a richer set of characteristics than is 
usually the case, it is not possible to rule out residual confounding. As such, it is reasonable 
to consider the results presented here as upper bound estimates of the ‘true’ effect of fertility 
timing on physical health.  
3: Does fertility timing influence the later rate of change in physical health?  
Several previous studies show that higher SES is linked to cumulative advantage processes in 
health, with more socio-economically disadvantaged persons suffering from faster declines in 
physical health status (Leopold 2016; Willson, Shuey, & Elder 2007). As one of the primary 
sociological mechanisms for health effects of AFB is that poorly timed births restrict 
subsequent status attainment, it is therefore a notable omission that only one previous study 
(Read & Grundy 2011) has directly investigated the effects of fertility timing on the rate of 
change in physical health. The analysis therefore investigates how AFB is associated with 
both level and rate of change in physical health status. Both level and rate of change effects 
of fertility timing may be confounded by prior characteristics, and consequently results are 
presented both with and without allowing the rate of change to depend on early life 
disadvantage, health, and cognitive and non-cognitive skills.  
4: Do mid-life parity, socio-economic status, marital status and social support, or health-
related behaviors explain the effect of AFB on physical health?  
The fourth research question asks whether mid-life circumstances, including parity, socio-
economic status, social relationships (including marriage), or health-related behaviors (such 
as smoking, physical activity, or alcohol consumption) explain any relationship between AFB 
and mid-life physical health that remains after accounting for pre-parenthood confounders. In 
each case, there is evidence (albeit often mixed) suggesting that AFB may influence these 
factors in mid-life and, in turn, that these factors may be consequential for health outcomes.  
5: Does the effect of AFB depend on broader (dis)advantage, marital history, fertility history, 
or birth cohort? 
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The final research question investigated in this chapter concerns potential sources of 
heterogeneity in the effects of AFB on later life health. The previous discussion has 
highlighted a number of contextual factors that may modify the importance of AFB, of which 
four are examined here: childhood socio-economic disadvantage and education, marital 
history, completed fertility, and birth cohort. Despite evidence that the effects of fertility 
timing on economic outcomes are heterogeneous (Diaz & Fiel 2016; Miller 2011), there has 
been surprisingly little attention devoted to explicit consideration of moderating variables in 
the AFB-health relationship.  
With respect to childhood socio-economic disadvantage and education, one possibility is that 
more advantaged persons may be more strongly affected by birth timing because their socio-
economic outcomes are more dependent on fertility timing (Diaz & Fiel 2016; Miller 2011). 
However, it is also possible that those from an advantaged background may be able to call 
upon more resources to compensate for any difficulties arising from a poorly timed first birth. 
Consequently, it is uncertain what sign any possible interactions between socio-economic 
(dis)advantage and AFB should take. For the other moderators, it is similarly unclear what 
form interactions with AFB should take, and the analysis is therefore exploratory.  
6.5 Methods 
6.5.1 Data 
Data for the chapter are a further restricted subset of the completed fertility sample described 
in the previous chapter. In particular, the data are restricted to observations at ages 41 to 70 
and persons who were born between 1931 and 1973 (as in the previous chapter), with the 
further stipulation that only persons who first became parents before age 41 are included. The 
resulting analytical dataset contains 40,554 observations from 5,835 women and 34,057 
observations from 5,028 men. The average year of birth was 1954 for both men and women, 
and the average age was 54.01 for men and 53.84 for women. Restricting the analysis to 
person-years when the respondent is aged 41 or older reflects the focus on longer term health 
outcomes of first birth timing, which may be distinct from short term health outcomes, and 
also helps to ensure that there is adequate variation in the health measures under 
consideration. The decision to impose an upper limit of age 70 on the analysis data was taken 
primarily to reduce the effect of potential mortality bias at older ages. Excluding earlier birth 
cohorts also helps to avoid analytical complications that might arise from the effects of the 
Second World War on family formation.  
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Table 6.1: Descriptive statistics  
   Male   Female   
Variable 
When 
measured Code Mean/Percent Std. dev. Imputed percent Mean/Percent Std. dev. 
Imputed 
percent 
Age at first birth TI  0.05 5.1 0.0 0.04 5.3 0.0 
General physical health FO  0.19 1.6 14.0 0.08 1.7 13.1 
 AO  0.08 1.6 10.9 -0.06 1.7 10.4 
Demographics         
Year of birth  TI  0.73 10.9 0.0 0.84 10.9 0.0 
 TI 3rd generation or higher 53.8  0.0 53.5  0.0 
 TI 2nd generation 14.6   15.8   
 TI 
1st generation - English 1st 
language 15.7   13.7   
 TI 
1st generation - English not 1st 
language 13.8   14.7   
 TI ATSI 1.8   2.3   
Childhood disadvantage – SES and 
family structure         
Grandparent occupational status TI  0 1.0 1.9 -0.01 1.0 1.9 
Grandparent education TI University degree 10.5  20.9 9.7  18.9 
 TI 
Completed secondary/non-
university post-secondary 48   48   
 TI Less than completed secondary 41.5   42.3   
Grandfather unemployed 6+ months TI Yes 9  5.3 11.3  6.2 
Left school before 16 TI Yes 33.5  0.0 36.2  0.1 
Grandmother aged less than 21 at 
time of birth TI Yes 10.7  26.9 9.3  23.7 
Number of siblings TI  0.01 2.2 0.0 -0.02 2.3 0.1 
Non-two biological parent family at 
age 14 TI Yes 16.6  0.0 16.9  0.1 
Disadvantage index – childhood 
combined SES/family structure TI 0 17.6  30.4 17.2  27.8 
 TI 1 24.4   23.1   
 TI 2 23.6   24.1   
 TI 3 19.2   19   
 TI 4 11.2   11.8   
 TI 5 3.9   4.7   
Disadvantage index – childhood SES TI 0 27.8  5.4 26.2  6.3 
 TI 1 28.1   28.1   
 TI 2 26.2   26.9   
 TI 3 16.1   16.3   
 TI 4 1.7   2.5   
Disadvantage index – childhood 
family structure TI 0 52.5  26.9 51.7  23.7 
 TI 1 37.5   28.2   
 TI 2 9   9   
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   Male   Female   
Variable 
When 
measured Code Mean/Percent Std. dev. Imputed percent Mean/Percent Std. dev. 
Imputed 
percent 
 TI 3 1   1.1   
Non-cognitive skills         
Extraversion TI  0.02 1.0 23.1 0.01 1.0 20.7 
Agreeableness TI  0 1.1 23.2 0.02 1.0 20.8 
Conscientiousness TI  0 1.0 23.2 0.01 1.0 20.8 
Emotional stability TI  0 1.0 23.2 -0.01 1.0 20.8 
Openness to experience TI  -0.02 1.0 23.2 0 1.0 20.8 
Locus of control TI  0.01 1.1 17.3 0.02 1.0 15.9 
Cognitive skills         
Backwards digit span TI  -0.03 1.0 34.4 -0.04 1.0 31.4 
Word pronunciation  TI  -0.04 1.0 39.2 -0.05 1.0 36.5 
Symbol digits modalities TI  -0.06 1.0 38.7 -0.07 1.0 36.1 
Childhood health          
Self-rated health in childhood TI  0 1.0 24.6 0.01 1.0 22.1 
Parents smoked in childhood TI  70.3  24.6 68.7  22.0 
Missed a month of school due to poor 
health TI  10.6  24.5 11.8  22.2 
Long term health condition at age 15 TI  3.9  7.2 4.6  6.4 
Marital history         
Not married at time of first birth  TI Yes 19.3  1.7 18.2  1.9 
Marital history to age 40 TI Single continuous marriage 71.9  0.8 66.9  1.2 
 TI Divorce/separation/ widowhood 21.3   27.3   
 TI Never married 6.8   5.8   
Fertility history         
Parity at age 40 TI 1 15.8  0.0 13.2  0.0 
 TI 2 41.7   42.3   
 TI 3 27.2   26.6   
 TI 4+ 15.3   17.9   
Age of youngest resident child FO 0 to 4  10.5  0.0 6.8  0.0 
 FO 5 to 14 28.3   31.7   
 FO 15 to 24 15.4   18.4   
 FO none < 24 45.8   43.1   
 AO 0 to 4  5.1  0.0 2.5  0.0 
 AO 5 to 14 22.4   21.4   
 AO 15 to 24 18.3   21.4   
 AO none < 24 54.2   54.7   
Contemporaneous controls         
SEIFA decile FO  5.47 2.9 0.0 5.43 2.9 0.0 
 AO  5.61 2.9 0.0 5.52 2.9 0.0 
Subjective financial prosperity FO  3.27 0.8 10.0 3.28 0.8 9.2 
 AO  3.19 0.8 8.4 3.21 0.8 7.7 
Financial hardship  FO Yes 0.24  10.5 0.26  9.7 
 AO Yes 0.18  9.1 0.2  8.6 
Social support FO  5.22 1.0 10.1 5.42 1.0 9.5 
 AO  5.24 1.0 8.4 5.46 1.0 7.7 
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   Male   Female   
Variable 
When 
measured Code Mean/Percent Std. dev. Imputed percent Mean/Percent Std. dev. 
Imputed 
percent 
Moderate physical activity - 
frequency FO  3.64 1.6 9.7 3.4 1.6 9.0 
 AO  3.65 1.6 8.2 3.43 1.6 7.5 
Legally married FO Yes 85.4  0.1 76.3  0.2 
 AO Yes 84.4  0.1 73.6  0.0 
Equivalized household income 
quintile FO Bottom quintile 15.3  0.0 19.3  0.0 
 FO  19.7   21.5   
 FO Middle quintile 21.0   20.8   
 FO  21.3   20.1   
 FO Top quintile 22.7   18.5   
 AO Bottom quintile 12.7  0.0 17.2  0.0 
 AO  18.5   21.2   
 AO Middle quintile 21.9   20.9   
 AO  23.2   21.6   
 AO Top quintile 23.8   19.1   
Own outright/paying mortgage FO Yes 78.6  0.0 77.8  0.0 
 AO Yes 81.8  0.1 80.3  0.0 
Smoker FO Yes 33.0  9.8 39.1  9.2 
 AO Yes 22.7  8.5 20.0  8.0 
Drinking - frequency FO Non-drinker 11.0  9.6 18.2  9.2 
 FO Less than weekly 27.7   41.7   
 FO 1-4 days per week 35.6   25.9   
 FO 5 or more days per week 25.7   14.3   
 AO Non-drinker 12.1  8.4 20.0  7.9 
 AO Less than weekly 24.7   38.4   
 AO 1-4 days per week 35.9   26.5   
 AO 5 or more days per week 27.3   15.1   
Drinking - amount FO Non-drinker 11.0  10.6 18.4  10.7 
 FO 1-2 standard drinks 41.1   59.6   
 FO 3 or more standard drinks 47.9   22.0   
 AO Non-drinker 12.1  8.5 20.2  8.5 
 AO 1-2 standard drinks 41.4   59.7   
 AO 3 or more standard drinks 46.6   20.1   
Male sample: N (persons) = 5028, N (obs) = 34,057. Female sample: N (persons) = 5835, N (obs) = 40,554. TI: Time-invariant. FO: First observation. AO: All observations. 
ATSI: Aboriginal or Torres Strait Islander. SEIFA: Socio-economic index for areas.  
 
 
123 
Summary statistics for all variables included in the analysis (centred where appropriate) are 
presented, separately by sex, in table 6.1. Measurement of the variables has been previously 
described in the methods chapter. Preliminary inspection of the sample characteristics 
revealed minor differences between men and women with respect to marital history and 
fertility history. Men in the analysis sample were less likely to report having previously 
experienced a divorce, separation or widowhood (21.3%, compared to 27.3% of women) and 
correspondingly more likely to report both that they had experienced a single uninterrupted 
marriage to age 40 (71.9% compared to 66.9%) and that they were currently legally married 
(85.4%, compared to 73.6%). This may reflect reporting bias, with men less likely to admit to 
earlier marriages, or comparatively lower likelihood of unmarried men participating in the 
study. Men were also more likely to report having young (aged less than 5) children resident 
in the household, likely due to older commencement of fathering and greater potential to 
father children at older ages. For the sample as a whole, there is an underrepresentation of 
those in the bottom quintile of equivalized household income, and corresponding 
overrepresentation of the top three quintiles. Overall, just under one-fifth of respondents were 
unmarried at the time of the first birth. Nearly half of respondents were observed to have two 
children by age 40, approximately a quarter had three children, with smaller proportions with 
one child or higher numbers of children.   
As described in the methods chapter, missing data was imputed in Stata using multiple 
imputation by chained estimates (White, Royston & Wood 2010). A total of m = 20 imputed 
datasets were created. The percentage of imputed data ranges from zero for age at first birth, 
income (missing data for income is imputed by the data collection team, as described in 
(Hayes & Watson 2009)), demographics, and other background information, up to mid to 
high thirties for the cognitive skills. Other items with relatively high percentages of imputed 
data include the non-cognitive skills, retrospective reports of childhood health, (grand)parent 
education, and (grand)mother age at the time when the respondent was born. These items 
tend to be those that are only asked on an occasional basis or only asked at later waves when 
respondents may have attrited from the study. Items from the self-report component of the 
study (including the dependent variable, general physical health) tend to have approximately 
ten percent imputed values.  
The construction of the main independent (AFB) and dependent (general physical health) 
variables has previously been described in the methods chapter. Briefly, men in the sample 
were on average aged 27.8 when they first became fathers (with a standard deviation of 5.1 
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years), while women’s average AFB was 25.3 (SD = 5.3 years). Note that age at first birth is 
mean-centred at zero for analysis, and the values provided in table 6.1 refer to this version of 
the variable.  
 
6.5.2 Analysis strategy 
Analysis for the chapter is conducted using a series of growth models (Singer & Willet 2003). 
Because the dependent variable is continuous, the models use an identity link. As described 
in the methods chapter, the models take the following form:  
                             (1) 
With level 2 equations:  
                                           (2) 
                                           (3) 
In the above equations,  represents the measured value of general physical health 
for individual i at time t, which is modelled as a linear function of TIME for each individual 
in the analysis. Each individual’s trajectory is defined by a random intercept ( ) and yearly 
rate of change ( ), which may depend on person-level covariates  with fixed parameters 
 and . Time-varying covariates  are also included in the modelling. Level 1 ( ) and 
2 ( ) residuals are assumed normally distributed with mean zero. In analyses reported 
here, an unstructured covariance structure is used for the random effects, permitting the 
intercept and rate of change to be correlated. Modelling was conducted in Stata version 14 
with the ‘xtmixed’ command.  
Analysis for the chapter proceeds by fitting a series of models that add additional covariates 
in order to investigate the research questions. Reflecting differences in men and women’s life 
courses, all models are fit separately by gender. The first five models deal with research 
questions 1-2, regarding the raw association between AFB and HEALTH, the extent and 
sources of pre-parenthood confounding, and after adjusting for observed confounders, the 
remaining effect of AFB on health. Although the set of covariates adjusted for is rich 
compared to the majority of previous studies, it is important to stress that interpretation of the 
effect of AFB as causal remains dependant on the usual assumption of no unmeasured 
confounding. Models 6-8 investigate the effect of AFB on the yearly rate of change ( ) in 
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physical health (research question 3), first without adjustment for pre-parenthood 
characteristics, and then after allowing both the level and rate of change in physical health to 
depend on pre-parenthood characteristics. Models 9-13 investigate potential mediators 
(research question 4), including subsequent fertility history, marital status and social support, 
socio-economic status, and health behaviors. Finally, a series of models are fit exploring 
moderators of the effect of AFB on health (research question 5). Potential moderators 
included childhood family and socio-economic (dis)advantage, education, marital history, 
parity, and birth cohort.  
6.6 Results  
Tables 6.2 and 6.3 show the results of models 1-5, pertaining to research questions 1 and 2, 
for men and women respectively. Model 1 represents the baseline model formulation, and 
includes five fixed parameters: an overall intercept, AFB, AFB squared, the respondents’ 
year of birth, and the average yearly rate of change (time). Both the intercept ( ) and rate of 
change ( ) are random variables, allowing each individual to have their own linear 
trajectory. For both men and women, the estimates show that older AFB is associated with 
better physical health in a non-linear fashion. At the sample average AFB, one year of delay 
in first birth timing is associated with 0.043 (0.035/0.051) better health for men (roughly 
equivalent in magnitude to the negative effect of a year of aging) and 0.067 (0.059/0.075) 
better health for women. These relationships flatten out at older ages, indicating weaker 
associations between AFB and health in the mid- to late-thirties. The parameter estimates for 
year of birth and time confirm that respondents who were older at baseline are in poorer 
health and that health declines significantly over the duration of the study.  
Model 2 adds childhood socio-economic and demographic variables, roughly equivalent to 
those that are commonly controlled for in previous studies. As expected, the estimated 
parameters for AFB are substantially reduced in magnitude, but remain strongly significant. 
For both sexes, the reduction in magnitude is approximately equal to one third of the 
unadjusted estimate; from 0.043 to 0.029 for men and from 0.067 to 0.046 for women. 
Parameter estimates for control variables were largely as expected, although not significant in 
all cases. Men whose father had lower occupational status, who left school before age 16, 
who grew up in families with many siblings, or who were first generation immigrants whose 
first language was not English, were in poorer health, while first generation immigrants 
whose first language was English were in better health. Indigenous men’s health was also  
126 
Table 6.2: Estimating the effect of AFB – men   
 Model 1  Model 2  Model 3   Model 4  Model 5  
 Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err 
AFB 0.043*** 0.004 0.029*** 0.004 0.029*** 0.004 0.026*** 0.004 0.025*** 0.004 
AFB2 -0.004*** 0.001 -0.003*** 0.001 -0.003*** 0.001 -0.002*** 0.001 -0.002*** 0.001 
           
Time -0.039*** 0.003 -0.039*** 0.003 -0.039*** 0.003 -0.040*** 0.003 -0.040*** 0.003 
Year of birth 0.038*** 0.002 0.032*** 0.002 0.032*** 0.002 0.034*** 0.002 0.034*** 0.002 
Childhood disadvantage – SES and family 
structure           
Grandparent education           
Degree   -0.066 0.079 -0.055 0.079 -0.030 0.071 -0.031 0.071 
Less than completed secondary   0.071 0.049 0.067 0.048 0.076 0.044 0.071 0.044 
Grandparent occupational status   0.107*** 0.024 0.096*** 0.024 0.049* 0.023 0.045* 0.023 
Grandfather unemployed for 6+ months   -0.126 0.074 -0.101 0.073 -0.083 0.067 -0.068 0.067 
Left school before 16   -0.461*** 0.046 -0.439*** 0.046 -0.298*** 0.044 -0.286*** 0.044 
Not resident in two-biological parent family at 14   -0.025 0.054 -0.016 0.053 -0.019 0.049 -0.015 0.049 
Grandmother aged less than 21 at time of 
respondent’s birth 
 
 -0.043 0.073 -0.001 0.072 -0.048 0.070 -0.019 0.070 
Number of siblings   -0.027** 0.009 -0.028** 0.009 -0.009 0.009 -0.009 0.009 
Ethnicity/immigration           
3rd generation or higher           
2nd generation   0.012 0.058 0.019 0.058 0.008 0.053 0.016 0.053 
1st generation - English 1st language   0.191** 0.057 0.196** 0.057 0.137** 0.051 0.148** 0.051 
1st generation - English not 1st language   -0.228*** 0.064 -0.250*** 0.063 0.029 0.061 0.006 0.060 
ATSI   -0.302 0.161 -0.278 0.160 -0.092 0.151 -0.076 0.150 
Childhood health           
Self-rated health in childhood     -0.082** 0.025   -0.020 0.022 
Parents smoked in childhood     -0.093* 0.046   -0.106* 0.042 
Missed a month of school due to poor health     -0.247** 0.076   -0.203** 0.068 
Long term health condition at age 15     -0.636*** 0.112   -0.488*** 0.103 
Non-cognitive skills           
Extraversion       0.004 0.021 0.002 0.021 
Agreeableness       0.025 0.021 0.024 0.021 
Conscientiousness       0.058** 0.022 0.052* 0.022 
Emotional stability       0.062* 0.025 0.060* 0.025 
Openness to experience       -0.024 0.023 -0.018 0.023 
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 Model 1  Model 2  Model 3   Model 4  Model 5  
 Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err 
Locus of control       -0.479*** 0.021 -0.472*** 0.022 
Cognitive skills           
Backwards digit span       -0.006 0.025 -0.011 0.024 
Word pronunciation        0.067* 0.031 0.068* 0.030 
Symbol digits modalities       0.120*** 0.026 0.116*** 0.025 
           
Intercept 0.403*** 0.032 0.548*** 0.045 0.649*** 0.056 0.458*** 0.042 0.565*** 0.051 
           
Random effects           
sd(time) 0.098 0.003 0.098 0.003 0.098 0.003 0.100 0.003 0.100 0.003 
Sd(intercept) 1.413 0.021 1.382 0.021 1.367 0.021 1.256 0.021 1.248 0.021 
Corr(time, int) -0.415 0.023 -0.422 0.022 -0.427 0.022 -0.490 0.021 -0.493 0.021 
           
Sd(resid) 0.780 0.004 0.780 0.004 0.780 0.004 0.780 0.004 0.780 0.004 
           
N (observations) 34,057          
N (persons) 5,028          
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Table 6.3: Estimating the effect of AFB – women   
 Model 1  Model 2  Model 3  Model 4  Model 5  
 Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err 
AFB 0.067*** 0.004 0.046*** 0.005 0.041*** 0.004 0.036*** 0.004 0.033*** 0.004 
AFB2 -0.005*** 0.001 -0.004*** 0.001 -0.003*** 0.001 -0.003*** 0.001 -0.003*** 0.001 
           
Time -0.049*** 0.002 -0.049*** 0.002 -0.048*** 0.002 -0.049*** 0.002 -0.048*** 0.002 
Year of birth 0.037*** 0.002 0.034*** 0.002 0.033*** 0.002 0.036*** 0.002 0.035*** 0.002 
Childhood disadvantage – SES and family 
structure           
Grandparent education           
Degree   0.008 0.077 0.012 0.075 0.048 0.067 0.043 0.065 
Less than completed secondary   0.110* 0.046 0.103* 0.044 0.120** 0.041 0.114** 0.039 
Grandparent occupational status   0.078** 0.023 0.074** 0.022 0.043* 0.021 0.041* 0.021 
Grandfather unemployed for 6+ months   -0.232*** 0.065 -0.224*** 0.063 -0.157** 0.059 -0.157** 0.058 
Left school before 16   -0.331*** 0.045 -0.294*** 0.044 -0.239*** 0.042 -0.216*** 0.041 
Not resident in two-biological parent family at 14   -0.268*** 0.053 -0.244*** 0.051 -0.218*** 0.048 -0.209*** 0.047 
Grandmother aged less than 21 at time of 
respondent’s birth 
  
-0.022 0.083 -0.011 0.081 -0.012 0.072 -0.004 0.071 
Number of siblings   -0.030** 0.009 -0.031** 0.009 -0.009 0.008 -0.011 0.008 
Ethnicity/immigration           
3rd generation or higher           
2nd generation   -0.041 0.054 -0.009 0.053 -0.034 0.049 -0.009 0.048 
1st generation - English 1st language   0.089 0.058 0.089 0.056 0.054 0.053 0.058 0.052 
1st generation - English not 1st language   -0.353*** 0.059 -0.393*** 0.058 -0.045 0.058 -0.106 0.057 
ATSI   -0.588*** 0.145 -0.574*** 0.142 -0.400** 0.130 -0.402** 0.128 
Childhood health           
Self-rated health in childhood     -0.175*** 0.023   -0.114*** 0.021 
Parents smoked in childhood     -0.091* 0.045   -0.101* 0.041 
Missed a month of school due to poor health     -0.293*** 0.065   -0.231*** 0.059 
Long term health condition at age 15     -1.149*** 0.093   -0.898*** 0.085 
Non-cognitive skills           
Extraversion       0.028 0.019 0.026 0.019 
Agreeableness       -0.035 0.020 -0.039* 0.020 
Conscientiousness       0.102*** 0.021 0.084*** 0.020 
Emotional stability       0.045 0.023 0.044 0.023 
Openness to experience       -0.109*** 0.021 -0.084*** 0.021 
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 Model 1  Model 2  Model 3  Model 4  Model 5  
 Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err 
Locus of control       -0.507*** 0.021 -0.480*** 0.021 
Cognitive skills           
Backwards digit span       0.014 0.022 0.012 0.021 
Word pronunciation        0.046 0.027 0.042 0.026 
Symbol digits modalities       0.138*** 0.022 0.122*** 0.021 
           
Intercept 0.391*** 0.029 0.558*** 0.043 0.684*** 0.051 0.449*** 0.040 0.577*** 0.047 
           
Random effects           
sd(time) 0.102 0.002 0.102 0.002 0.102 0.002 0.102 0.002 0.103 0.002 
Sd(intercept) 1.432 0.020 1.407 0.020 1.366 0.020 1.279 0.019 1.253 0.020 
Corr(time, int) -0.360 0.022 -0.374 0.021 -0.398 0.021 -0.444 0.020 -0.459 0.020 
           
Sd(resid) 0.830 0.004 0.830 0.004 0.830 0.004 0.830 0.004 0.830 0.004 
           
N (observations) 40,554          
N (persons) 5,835          
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poorer, however despite the substantively large estimate (-0.302 [-0.623/0.021]), the 
difference was not statistically significant. Among women, a slightly different pattern of 
effects was found for the background covariates: many siblings, poor grandparent 
occupational status, early school leaving, and 1st generation non-English speaking 
background were negatively associated with physical health status as for men. However, not 
living with both biological parents in adolescence (-0.268 [-0.162/-0.374]), grandfather 
experience of unemployment for six or more months (-0.232 [-0.102/-0.362]), and identifying 
as ATSI (-0.588 [-0.298/-0.878]) were also both linked to substantially poorer health 
outcomes for women. There was also a counter-intuitive positive effect of low grandparent 
education.  
The third model adds several indicators of childhood health and health environment. All four 
indicators are significant predictors of later life health for both sexes (with all effects in the 
anticipated direction), although self-rated health in childhood and the presence of a long-term 
health condition in adolescence appear to be considerably stronger predictors for women than 
for men. For women, the parameter estimate for AFB is slightly further reduced, but for men 
there is no difference from the model 2 estimate.  
Model 4 removes the childhood health indicators and adds cognitive and non-cognitive skill 
measures. Parameter estimates for AFB decrease for both men and women, although perhaps 
to a greater degree for women. The point estimate for the main effect of AFB for women is 
reduced from 0.046 (0.038/0.054) in model 2 to 0.036 (0.028/0.044) in model 4, a decrease of 
nearly one third, whereas for men the same parameter declines from 0.029 (0.021/0.037) to 
0.026 (0.018/0.034). Parameter estimates for the cognitive and non-cognitive skills show very 
large negative effects of external locus of control (-0.507 [-0.549/-0.465] for women; -0.479 
[-0.521/-0.437] for men), along with smaller but significant positive effects for 
conscientiousness and test scores on the symbol digits modalities task. For men, there are also 
positive effects for higher emotional stability and word pronunciation scores, while for 
women there is a negative effect of ‘openness to experience’.  
Model 5 adjusts for all measured confounders (demographics, childhood family and socio-
economic (dis)advantage, childhood health, and cognitive and non-cognitive skills). Relative 
to baseline estimates of the effect of AFB, fully adjusted estimates are reduced by just under 
half for men (0.025 [0.017-/0.033] compared to 0.043 [0.035/0.051]) and approximately half 
for women (0.033 [0.025/0.041] compared to 0.067 [0.059/0.075]). Most of this reduction is 
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Table 6.4: AFB and rate of change in physical health – men  
 Model 6  Model 7  Model 8  
 Est. Std. Err Est. Std. Err Est. Std. Err 
AFB 0.038*** 0.005 0.021*** 0.005 0.021*** 0.005 
AFB2 -0.004*** 0.001 -0.002*** 0.001 -0.002** 0.001 
AFB * Time 0.001 0.000 0.001 0.000 0.001 0.000 
       
Time -0.039*** 0.003 -0.040*** 0.003 -0.044*** 0.006 
Year of birth 0.038*** 0.002 0.034*** 0.002 0.034*** 0.002 
Childhood disadvantage – SES and family structure       
Grandparent education       
Degree   -0.031 0.071 0.018 0.111 
Less than completed secondary   0.070 0.044 0.002 0.062 
Grandparent occupational status   0.045* 0.023 0.035 0.031 
Grandfather unemployed for 6+ months   -0.069 0.067 -0.133 0.087 
Left school before 16   -0.286*** 0.044 -0.309*** 0.058 
Not resident in two-biological parent family at 14   -0.014 0.049 -0.049 0.066 
Grandmother aged less than 21 at time of respondent’s birth   -0.018 0.069 -0.020 0.095 
Number of siblings   -0.009 0.009 -0.017 0.012 
Ethnicity/immigration       
3rd generation or higher       
2nd generation   0.016 0.053 -0.046 0.071 
1st generation - English 1st language   0.149** 0.051 0.101 0.069 
1st generation - English not 1st language   0.006 0.060 -0.045 0.079 
ATSI   -0.072 0.150 0.146 0.233 
Childhood health       
Self-rated health in childhood   -0.020 0.022 -0.002 0.031 
Parents smoked in childhood   -0.106* 0.042 -0.050 0.057 
Missed a month of school due to poor health   -0.203** 0.068 -0.175 0.093 
Long term health condition at age 15   -0.487*** 0.103 -0.681*** 0.146 
Non-cognitive skills       
Extraversion   0.002 0.021 0.009 0.029 
Agreeableness   0.023 0.021 0.000 0.029 
Conscientiousness   0.052* 0.022 0.044 0.030 
Emotional stability   0.060* 0.025 0.043 0.035 
Openness to experience   -0.018 0.023 -0.020 0.032 
Locus of control   -0.472*** 0.022 -0.502*** 0.032 
Cognitive skills       
Backwards digit span   -0.011 0.024 -0.008 0.035 
Word pronunciation    0.068* 0.030 0.053 0.038 
Symbol digits modalities   0.117*** 0.025 0.077* 0.035 
       
Background and cumulative advantage       
Grandparent education       
Degree * Time     -0.007 0.010 
Less than completed secondary * Time     0.010 0.006 
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 Model 6  Model 7  Model 8  
 Est. Std. Err Est. Std. Err Est. Std. Err 
Grandparent occupational status * Time     0.001 0.003 
Grandfather unemployed for 6+ months * Time     0.009 0.009 
Left school before 16 * Time     0.004 0.006 
Not resident in two-biological parent family at 14 * Time     0.005 0.007 
Grandmother aged less than 21 at time of respondent’s birth * Time     0.000 0.008 
Number of siblings * Time     0.001 0.001 
Ethnicity/immigration       
3rd generation or higher       
2nd generation * Time     0.009 0.007 
1st generation - English 1st language * Time     0.007 0.007 
1st generation - English not 1st language * Time     0.008 0.008 
ATSI * Time     -0.029 0.023 
Childhood health       
Self-rated health in childhood * Time     -0.003 0.003 
Parents smoked in childhood * Time     -0.008 0.005 
Missed a month of school due to poor health * Time     -0.005 0.009 
Long term health condition at age 15 * Time     0.029* 0.014 
Non-cognitive skills       
Extraversion * Time     -0.001 0.003 
Agreeableness * Time     0.003 0.003 
Conscientiousness * Time     0.001 0.003 
Emotional stability * Time     0.003 0.003 
Openness to experience * Time     0.000 0.003 
Locus of control * Time     0.004 0.003 
Cognitive skills       
Backwards digit span * Time     -0.001 0.003 
Word pronunciation * Time      0.002 0.003 
Symbol digits modalities * Time     0.006 0.003 
       
Intercept 0.403*** 0.032 0.564*** 0.051 0.594*** 0.066 
       
Random effects       
sd(time) 0.098 0.003 0.100 0.003 0.099 0.003 
Sd(intercept) 1.412 0.021 1.248 0.021 1.244 0.021 
Corr(time, int) -0.415 0.023 -0.493 0.021 -0.489 0.021 
       
Sd(resid) 0.780 0.004 0.780 0.004 0.780 0.004 
       
N (observations) 34,057      
N (persons) 5,028      
 
 
133 
Table 6.5: AFB and rate of change in physical health – women 
 Model 6  Model 7  Model 8  
 Est. Std. Err Est. Std. Err Est. Std. Err 
AFB 0.056*** 0.005 0.024*** 0.005 0.027*** 0.005 
AFB2 -0.005*** 0.001 -0.003*** 0.001 -0.003*** 0.001 
AFB * Time 0.002*** 0.000 0.001** 0.000 0.001 0.000 
       
Time -0.049*** 0.002 -0.048*** 0.002 -0.048*** 0.006 
Year of birth 0.037*** 0.002 0.035*** 0.002 0.036*** 0.002 
Childhood disadvantage – SES and family structure       
Grandparent education       
Degree   0.039 0.065 0.021 0.093 
Less than completed secondary   0.114** 0.039 0.081 0.054 
Grandparent occupational status   0.041* 0.021 0.017 0.028 
Grandfather unemployed for 6+ months   -0.158** 0.058 -0.087 0.077 
Left school before 16   -0.216*** 0.041 -0.246*** 0.053 
Not resident in two-biological parent family at 14   -0.209*** 0.047 -0.209** 0.065 
Grandmother aged less than 21 at time of respondent’s birth   -0.002 0.071 0.033 0.101 
Number of siblings   -0.011 0.008 -0.012 0.011 
Ethnicity/immigration       
3rd generation or higher       
2nd generation   -0.009 0.048 -0.038 0.065 
1st generation - English 1st language   0.056 0.052 0.083 0.067 
1st generation - English not 1st language   -0.106 0.057 -0.136 0.075 
ATSI   -0.396** 0.129 -0.198 0.190 
Childhood health       
Self-rated health in childhood   -0.114*** 0.021 -0.101*** 0.028 
Parents smoked in childhood   -0.100* 0.041 -0.078 0.057 
Missed a month of school due to poor health   -0.230*** 0.059 -0.176* 0.080 
Long term health condition at age 15   -0.898*** 0.085 -0.962*** 0.121 
Non-cognitive skills       
Extraversion   0.026 0.019 -0.016 0.025 
Agreeableness   -0.040* 0.020 -0.038 0.026 
Conscientiousness   0.084*** 0.020 0.066* 0.028 
Emotional stability   0.044 0.023 -0.001 0.032 
Openness to experience   -0.083*** 0.021 -0.073** 0.027 
Locus of control   -0.479*** 0.021 -0.517*** 0.028 
Cognitive skills       
Backwards digit span   0.012 0.021 0.006 0.030 
Word pronunciation    0.042 0.026 0.022 0.034 
Symbol digits modalities   0.122*** 0.021 0.085** 0.030 
       
Background and cumulative advantage       
Grandparent education       
Degree * Time     0.002 0.009 
Less than completed secondary * Time     0.005 0.005 
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 Model 6  Model 7  Model 8  
 Est. Std. Err Est. Std. Err Est. Std. Err 
Grandparent occupational status * Time     0.004 0.003 
Grandfather unemployed for 6+ months * Time     -0.010 0.008 
Left school before 16 * Time     0.004 0.005 
Not resident in two-biological parent family at 14 * Time     0.000 0.006 
Grandmother aged less than 21 at time of respondent’s birth * Time     -0.005 0.009 
Number of siblings * Time     0.000 0.001 
Ethnicity/immigration       
3rd generation or higher       
2nd generation * Time     0.004 0.006 
1st generation - English 1st language * Time     -0.004 0.007 
1st generation - English not 1st language * Time     0.004 0.008 
ATSI * Time     -0.025 0.018 
Childhood health       
Self-rated health in childhood * Time     -0.002 0.003 
Parents smoked in childhood * Time     -0.003 0.005 
Missed a month of school due to poor health * Time     -0.008 0.008 
Long term health condition at age 15 * Time     0.010 0.012 
Non-cognitive skills       
Extraversion * Time     0.006* 0.002 
Agreeableness * Time     0.000 0.003 
Conscientiousness * Time     0.002 0.003 
Emotional stability * Time     0.007* 0.003 
Openness to experience * Time     -0.002 0.003 
Locus of control * Time     0.006* 0.003 
Cognitive skills       
Backwards digit span * Time     0.001 0.003 
Word pronunciation * Time      0.003 0.003 
Symbol digits modalities * Time     0.006 0.003 
       
Intercept 0.390*** 0.029 0.576*** 0.047 0.574*** 0.063 
       
Random effects       
sd(time) 0.101 0.002 0.102 0.002 0.101 0.002 
Sd(intercept) 1.430 0.020 1.253 0.020 1.247 0.020 
Corr(time, int) -0.359 0.022 -0.458 0.020 -0.452 0.021 
       
Sd(resid) 0.830 0.004 0.830 0.004 0.830 0.004 
       
N (observations) 40,554      
N (persons) 5,835      
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achieved through the inclusion of controls for childhood family and socio-economic 
(dis)advantage and demographics, with additional reductions when cognitive and non-
cognitive skills and (for women only) childhood health are included in the model. In 
comparison with the model 2 results, which adjust only for demographics and childhood 
(dis)advantage, the fully adjusted point estimates are approximately one-seventh lower for 
men and slightly less than one-third lower for women.  
Results from models 6-8, which assess the contribution of first birth timing to rate of change 
in physical health, are presented in tables 6.4 and 6.5. Model 6 represents the unadjusted  
(except for year of birth) estimates, and thus differs from model 1 only in the inclusion of the 
interaction of AFB and time. For men, this parameter is non-significant, indicating that the 
positive effect of older fertility timing is constant over the duration of the panel. For women 
though, there is a significant positive interaction of AFB and time, meaning that the health-
gap between younger and older first time mothers increases over time. Evaluated at baseline 
in 2001 and at the sample-average AFB (25.3), an additional year of delay in childbearing is 
associated with 0.056 (0.046-0.066) better physical health. Thirteen years later, at the end of 
the study period, the effect has increased to 0.082 (0.072-0.092).  
Model 7 adjusts for the main effects of demographics, childhood family and socio-economic 
(dis)advantage, childhood health, and cognitive and non-cognitive skills. Unsurprisingly, the 
AFB by time interaction remains non-significant for men. For women, the interaction is 
reduced in magnitude, but remains significant. Model 8 allows the rate of change to depend 
upon background factors, by including interactions of each background covariate with time. 
For men, the only significant term is the positive interaction between presence of a long-term 
health condition and time (0.029 [0.001/0.057]), which indicates that the large initial 
difference in health status between those who did and did not have a long-term health 
condition in adolescence narrows slightly over the study period. For women, there are 
significant interactions of time with extraversion (0.006 [0.002/0.010]), emotional stability 
(0.007 [0.001/0.013]) and locus of control (0.006 [0.000/0.012]). After inclusion of time by 
background characteristics, the AFB by time interaction is no longer significant for women.  
The analysis now turns to possible mediators of the effects of fertility timing. Tables 6.6 and 
6.7 presents the results of models 9-13, which investigate different potential mechanisms. 
The baseline specification for these models is model 5, with each model adding a different 
block of mid-life predictors of health that may transmit (part of) the effect of AFB. Model 9  
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Table 6.6: Potential mediators of AFB – men 
 Model 9  Model 10  Model 11   Model 12  Model 13  
 Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err 
AFB 0.028*** 0.004 0.023*** 0.004 0.028*** 0.004 0.027*** 0.004 0.022*** 0.004 
AFB2 -0.002** 0.001 -0.001* 0.001 -0.002** 0.001 -0.002** 0.001 -0.001* 0.001 
           
Time -0.040*** 0.003 -0.043*** 0.003 -0.041*** 0.003 -0.038*** 0.003 -0.041*** 0.003 
Year of birth 0.034*** 0.002 0.031*** 0.002 0.036*** 0.002 0.034*** 0.002 0.032*** 0.002 
Childhood disadvantage – SES and family structure           
Grandparent education           
Degree -0.031 0.071 -0.043 0.067 -0.030 0.071 -0.021 0.069 -0.034 0.065 
Less than completed secondary 0.069 0.044 0.048 0.040 0.069 0.044 0.073 0.042 0.055 0.039 
Grandparent occupational status 0.046** 0.023 0.023 0.021 0.044* 0.022 0.039 0.022 0.018 0.020 
Grandfather unemployed for 6+ months -0.064 0.067 -0.022 0.063 -0.057 0.066 -0.041 0.064 0.003 0.060 
Left school before 16 -0.282*** 0.044 -0.169** 0.041 -0.275*** 0.043 -0.275*** 0.042 -0.168*** 0.040 
Not resident in two-biological parent family at 14 -0.011 0.049 0.031 0.046 -0.006 0.048 -0.012 0.047 0.027 0.044 
Grandmother aged less than 21 at time of respondent’s 
birth -0.017 0.069 0.007 0.063 -0.013 0.069 -0.019 0.066 0.006 0.061 
Number of siblings -0.011 0.009 0.000 0.008 -0.010 0.009 -0.009 0.008 0.000 0.008 
Ethnicity/immigration           
3rd generation or higher           
2nd generation 0.014 0.053 0.007 0.050 0.017 0.052 0.025 0.051 0.018 0.048 
1st generation - English 1st language 0.148** 0.051 0.133** 0.048 0.156** 0.051 0.142** 0.050 0.135** 0.047 
1st generation - English not 1st language 0.012 0.060 0.099 0.057 0.010 0.060 0.071 0.058 0.148** 0.055 
ATSI -0.074 0.150 0.064 0.143 -0.065 0.149 -0.062 0.145 0.062 0.138 
Childhood health           
Self-rated health in childhood -0.017 0.022 0.004 0.020 -0.012 0.022 -0.017 0.021 0.006 0.019 
Parents smoked in childhood -0.105* 0.042 -0.085* 0.040 -0.1018 0.042 -0.106** 0.040 -0.084* 0.038 
Missed a month of school due to poor health -0.208** 0.068 -0.202** 0.063 -0.208** 0.068 -0.194** 0.065 -0.192** 0.061 
Long term health condition at age 15 -0.480*** 0.103 -0.381*** 0.097 -0.489*** 0.102 -0.453*** 0.099 -0.374*** 0.094 
Non-cognitive skills           
Extraversion 0.001 0.021 -0.001 0.020 -0.011 0.021 -0.008 0.020 -0.018 0.019 
Agreeableness 0.024 0.021 0.038 0.020 0.009 0.021 0.028 0.020 0.029 0.019 
Conscientiousness 0.053* 0.022 0.030 0.021 0.051* 0.022 0.042 0.021 0.020 0.020 
Emotional stability 0.059* 0.025 0.077** 0.023 0.048 0.025 0.061* 0.024 0.066** 0.022 
Openness to experience -0.017 0.023 -0.022 0.021 -0.012 0.023 -0.026 0.022 -0.027 0.020 
Locus of control -0.471*** 0.022 -0.396*** 0.021 -0.423*** 0.022 -0.438*** 0.021 -0.334*** 0.020 
Cognitive skills           
Backwards digit span -0.012 0.024 -0.018 0.023 -0.011 0.024 -0.012 0.023 -0.017 0.022 
Word pronunciation  0.066* 0.030 0.027 0.029 0.064* 0.030 0.058* 0.029 0.022 0.028 
Symbol digits modalities 0.115*** 0.025 0.067** 0.023 0.114*** 0.025 0.113*** 0.024 0.069** 0.023 
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 Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err 
 
Fertility history           
Parity at age 40           
1 child  -0.163** 0.057 -0.140** 0.054 -0.148** 0.057 -0.144** 0.055 -0.118** 0.052 
2 children (ref.)           
3 children -0.014 0.044 -0.001 0.042 -0.014 0.044 -0.005 0.043 0.007 0.040 
4+ children -0.014 0.057 0.081 0.054 -0.014 0.057 0.007 0.056 0.090 0.053 
Age of youngest resident child           
0 to 4  -0.027 0.042 -0.020 0.042 -0.043 0.043 -0.006 0.041 0.007 0.042 
5 to 14 0.005 0.029 0.000 0.028 -0.004 0.029 0.012 0.028 0.014 0.028 
15 to 24 0.023 0.022 0.010 0.022 0.019 0.022 0.027 0.022 0.019 0.022 
none < 24           
           
Mid-life SES           
Household income           
1st quintile (lowest)   -0.778*** 0.063     -0.732*** 0.061 
2nd quintile   -0.303*** 0.054     -0.288*** 0.052 
3rd quintile (ref)           
4th quintile   0.086 0.050     0.078 0.049 
5th quintile (highest)   0.111* 0.051     0.113* 0.050 
Neighbourhood advantage index    0.072*** 0.014     0.065*** 0.014 
Subjective financial hardship   -0.102*** 0.008     -0.087*** 0.008 
Experienced financial hardship    -0.149*** 0.019     -0.137*** 0.019 
Non- owner-occupier   0.015 0.026     0.026 0.026 
           
Mid-life social support           
General social support     0.135*** 0.009   0.114*** 0.009 
Currently married     0.038 0.029   -0.028 0.029 
           
Health behavior            
Smoker       -0.023 0.019 -0.011 0.019 
Frequency of physical activity       0.179*** 0.007 0.173*** 0.007 
Alcohol frequency           
Non-drinker       -0.082 0.069 -0.078 0.065 
Less than weekly (ref.)           
1-4 days per week       0.084*** 0.020 0.060** 0.020 
5 or more days per week       0.107*** 0.025 0.078** 0.024 
Alcohol intensity           
Non-drinker       -0.123 0.070 -0.105 0.067 
1-2 standard drinks       0.000 0.016 -0.002 0.016 
3 or more standard drinks (ref.)           
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 Model 9  Model 10  Model 11   Model 12  Model 13  
 Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err 
           
Intercept 0.579*** 0.058 0.656*** 0.064 0.544*** 0.063 0.506*** 0.059 0.608*** 0.069 
           
Random effects           
sd(time) 0.100 0.003 0.097 0.003 0.099 0.003 0.095 0.003 0.092 0.003 
Sd(intercept) 1.246 0.021 1.177 0.020 1.239 0.021 1.200 0.021 1.136 0.020 
Corr(time, int) -0.493 0.021 -0.507 0.021 -0.496 0.021 -0.496 0.022 -0.511 0.021 
           
Sd(resid) 0.780 0.004 0.779 0.004 0.777 0.004 0.775 0.004 0.771 0.004 
           
N (observations) 34,057          
N (persons) 5,028          
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Table 6.7: Potential mediators of AFB – women 
 Model 9  Model 10  Model 11   Model 12  Model 13  
 Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err 
AFB 0.040*** 0.004 0.034*** 0.004 0.039*** 0.004 0.040*** 0.004 0.034*** 0.004 
AFB2 -0.002*** 0.001 -0.002*** 0.001 -0.002*** 0.001 -0.002*** 0.001 -0.002** 0.001 
           
Time -0.049*** 0.003 -0.050*** 0.003 -0.049*** 0.003 -0.047*** 0.003 -0.048*** 0.002 
Year of birth 0.037*** 0.002 0.033*** 0.002 0.037*** 0.002 0.036*** 0.002 0.033*** 0.002 
Childhood disadvantage – SES and family structure           
Grandparent education           
Degree 0.035 0.065 0.006 0.064 0.039 0.065 0.022 0.063 -0.001 0.061 
Less than completed secondary 0.113** 0.039 0.106** 0.039 0.106** 0.039 0.112** 0.038 0.098** 0.037 
Grandparent occupational status 0.041* 0.021 0.026 0.020 0.040 0.020 0.031 0.020 0.017 0.019 
Grandfather unemployed for 6+ months -0.155** 0.058 -0.137* 0.056 -0.147* 0.057 -0.148** 0.056 -0.125* 0.054 
Left school before 16 -0.214*** 0.041 -0.164*** 0.040 -0.204*** 0.041 -0.194*** 0.040 -0.143*** 0.039 
Not resident in two-biological parent family at 14 -0.203*** 0.047 -0.175*** 0.046 -0.188*** 0.046 -0.197*** 0.045 -0.163*** 0.044 
Grandmother aged less than 21 at time of respondent’s 
birth -0.005 0.070 0.021 0.068 0.001 0.070 0.004 0.068 0.030 0.066 
Number of siblings -0.014 0.008 -0.010 0.008 -0.012 0.008 -0.012 0.008 -0.008 0.008 
Ethnicity/immigration           
3rd generation or higher           
2nd generation -0.013 0.048 -0.008 0.046 -0.014 0.047 -0.006 0.046 -0.003 0.045 
1st generation - English 1st language 0.067 0.052 0.079 0.050 0.071 0.051 0.061 0.050 0.076 0.049 
1st generation - English not 1st language -0.078 0.057 -0.044 0.056 -0.081 0.057 -0.016 0.055 0.011 0.054 
ATSI -0.396** 0.128 -0.251* 0.126 -0.378** 0.127 -0.364** 0.125 -0.234 0.122 
Childhood health           
Self-rated health in childhood -0.109*** 0.021 -0.096*** 0.020 -0.106*** 0.021 -0.102*** 0.020 -0.088*** 0.019 
Parents smoked in childhood -0.099* 0.041 -0.094* 0.039 -0.100* 0.040 -0.098* 0.039 -0.094* 0.038 
Missed a month of school due to poor health -0.237*** 0.059 -0.242*** 0.057 -0.228*** 0.058 -0.229*** 0.057 -0.224*** 0.056 
Long term health condition at age 15 -0.892*** 0.085 -0.799*** 0.083 -0.878*** 0.084 -0.869*** 0.082 -0.778*** 0.080 
Non-cognitive skills           
Extraversion 0.029 0.019 0.022 0.019 0.016 0.019 0.023 0.019 0.006 0.018 
Agreeableness -0.043* 0.020 -0.039* 0.019 -0.055** 0.020 -0.039* 0.019 -0.045* 0.019 
Conscientiousness 0.089*** 0.020 0.069** 0.020 0.088*** 0.020 0.075*** 0.019 0.058** 0.019 
Emotional stability 0.042 0.022 0.055* 0.022 0.029 0.023 0.042* 0.021 0.040 0.021 
Openness to experience -0.081*** 0.021 -0.070*** 0.020 -0.076*** 0.021 -0.091*** 0.020 -0.079*** 0.019 
Locus of control -0.478*** 0.021 -0.439*** 0.020 -0.436*** 0.020 -0.449*** 0.020 -0.381*** 0.020 
Cognitive skills           
Backwards digit span 0.010 0.021 0.007 0.020 0.010 0.021 0.011 0.020 0.008 0.019 
Word pronunciation  0.040 0.026 0.013 0.025 0.033 0.025 0.029 0.025 0.001 0.024 
Symbol digits modalities 0.122*** 0.022 0.100*** 0.021 0.122*** 0.022 0.124*** 0.021 0.103*** 0.021 
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 Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err 
 
Fertility history           
Parity at age 40           
1 child  -0.201*** 0.057 -0.165** 0.055 -0.189** 0.056 -0.199*** 0.055 -0.164** 0.053 
2 children (ref.)           
3 children 0.123** 0.044 0.135** 0.042 0.119** 0.043 0.123** 0.042 0.132** 0.041 
4+ children 0.097 0.052 0.156** 0.051 0.092 0.052 0.114* 0.051 0.165** 0.050 
Age of youngest resident child           
0 to 4  -0.061 0.057 -0.033 0.056 -0.054 0.056 -0.035 0.056 0.000 0.056 
5 to 14 -0.024 0.033 -0.003 0.033 -0.018 0.033 -0.004 0.033 0.021 0.033 
15 to 24 -0.038 0.024 -0.033 0.024 -0.032 0.024 -0.026 0.024 -0.017 0.024 
none < 24           
           
Mid-life SES           
Household income           
1st quintile (lowest)   -0.449*** 0.057     -0.433*** 0.055 
2nd quintile   -0.174** 0.051     -0.159** 0.049 
3rd quintile           
4th quintile   0.070 0.051     0.071 0.049 
5th quintile (highest)   0.068 0.053     0.061 0.051 
Neighbourhood advantage index    0.030* 0.014     0.025 0.013 
Subjective financial prosperity   -0.075*** 0.009     -0.061*** 0.009 
Experienced financial hardship    -0.142*** 0.018     -0.129*** 0.018 
Non- owner-occupier   0.004 0.025     -0.001 0.025 
           
Mid-life social support           
General social support     0.128*** 0.009   0.110*** 0.009 
Currently married     0.029 0.026   -0.044 0.026 
           
Health behavior            
Smoker       -0.016 0.018 -0.007 0.018 
Frequency of physical activity       0.202*** 0.007 0.195*** 0.007 
Alcohol frequency           
Non-drinker       -0.012 0.058 -0.010 0.058 
Less than weekly (ref.)           
1-4 days per week       0.075*** 0.019 0.058** 0.019 
5 or more days per week       0.079*** 0.028 0.062* 0.028 
Alcohol intensity           
Non-drinker       -0.130* 0.062 -0.124* 0.062 
1-2 standard drinks        -0.028 0.019 -0.034 0.019 
3 or more standard drinks (ref.)           
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 Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err Est. Std. Err 
           
Intercept 0.555*** 0.054 0.614*** 0.063 0.523*** 0.059 0.523*** 0.056 0.618*** 0.069 
           
Random effects           
sd(time) 0.103 0.002 0.101 0.002 0.101 0.002 0.098 0.002 0.096 0.002 
Sd(intercept) 1.249 0.020 1.220 0.020 1.237 0.020 1.205 0.020 1.172 0.019 
Corr(time, int) -0.459 0.020 -0.473 0.020 -0.458 0.020 -0.464 0.021 -0.472 0.021 
           
Sd(resid) 0.830 0.004 0.829 0.004 0.828 0.004 0.823 0.004 0.820 0.004 
           
N (observations) 40,554          
N (persons) 5,835          
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investigates parity (at age 40) and presence of resident children. Compared to the reference 
category of two children, results indicate that men (-0.163 [-0.277/-0.049]) and women (-
0.201 [-0.315/-0.087]) who had only a single child are in poorer physical health. Women who 
had three children (0.123 [0.055/0.211]) were also in better health. Age of youngest resident 
child is non-significant in all models. Because AFB is positively related to parity, this has the 
effect of increasing the estimated effect of AFB (compared to model 5) to 0.040 
(0.032/0.048) for women and 0.028 (0.020/0.036) for men.  
Model 10 retains the parameters for parity (in order to differentiate the effect of timing from 
the effect of quantum) and adds measures for mid-life socio-economic status, including 
income, neighbourhood advantage, subjective financial hardship, whether the respondent’s 
household experienced any hardships due to financial constraints, and home ownership. The 
results show large negative effects of low household income (compared to the middle 
quintile), positive effects of neighbourhood advantage, and negative effects for subjective 
financial hardship and experience of specific financial hardships. Net of other measures 
included in the model, home ownership is not significantly predictive of physical health. 
Parameter estimates for AFB are reduced for both sexes, to 0.023 (0.015/0.031) for men and 
0.034 (0.026/0.042) for women.  
Measures of perceived social support and current marital status are added in model 11, while 
the mid-life socio-economic status measures are dropped. Social support is positively related 
to health for men (0.135 [0.117/0.153]) and women (0.128 [0.110/0.146]), while current legal 
marital status is not significantly related to health for either men or women. Estimated effects 
for AFB are effectively unchanged compared to model 9.  
Model 12 incorporates concurrent health behaviours, including smoker status, frequency of 
physical activity, and frequency and intensity of alcohol consumption. Of these measures, 
only physical activity behaves as expected, showing a strong positive association with 
physical health. Smoker status is non-significant, and, compared to occasional drinkers those 
who report drinking 1-4 days per week or 5 or more days per week appear to be in better 
physical health. The counterintuitive values of these parameters may reflect the crudeness of 
the measures (in particular the measures do not capture an individual’s full history of 
smoking or alcohol use, and for smoking do not include any indication of how heavy the 
smoking is) or possible reverse causation, as previous research indicates that poor health may 
contribute to quitting or reducing smoking and alcohol consumption (e.g. Fillmore et al  
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Table 6.8: Moderators of AFB – men and women 
 Male  Female  
Moderator variable * AFB Est. Std. err. Est. Std. err. 
     
Childhood disadvantage      
Disadvantage index (SES and family structure) 0.001 0.004 0.002 0.004 
Disadvantage index (SES only) 0.001 0.004 0.001 0.004 
Disadvantage index (family structure only) -0.000 0.004 0.005 0.003 
     
Education      
School leaving     
Left school before 16 0.010 0.008 0.002 0.008 
Highest completed     
University degree -0.014 0.011 0.007 0.010 
Non-university post-school qualification 0.008 0.008 -0.000 0.009 
Completed secondary  -0.009 0.015 -0.003 0.011 
Less than completed secondary (ref.)     
     
Marital history     
Marital history to age 40     
Single continuous marriage (ref.)      
Ever div/sep/wid -0.003 0.008 0.007 0.008 
Never married -0.001 0.013 0.026* 0.011 
Marital status @ first birth     
Married (ref.)     
Not married  0.002 0.008 0.005 0.007 
     
Fertility history     
Parity at age 40     
1 child  0.007 0.010 -0.004 0.009 
2 children (ref.)     
3 children -0.008 0.011 -0.002 0.010 
4+ children 0.002 0.015 0.019 0.013 
     
Birth cohort     
1931-1945  0.006 0.010 -0.006 0.010 
1946-1960 (ref)     
1961-1973 -0.002 0.008 -0.007 0.007 
Males: N (persons) = 5,028, N (obs) = 34,057; Females: N (persons) = 5,835, N (obs) = 40,554. 
 
2006). Estimated effects for fertility timing are unchanged. The series of models investigating 
mediators concludes in model 13, which includes all potential mediators. The estimated 
parameters for AFB are very similar to model 9.  
Finally, table 6.8 presents the results of a series of models investigating potential moderators 
of the AFB-health relationship, with each moderator tested in a separate model. Moderators 
included indices of childhood family and socio-economic disadvantage, education (early 
school leaving and highest completed qualification), marital history (whether married at the 
time of the first birth and marital history until age 40), parity, and birth cohort. These models 
showed only one significant interaction term. For women, the relationship between AFB and 
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later life health is significantly steeper among those who never married to age 40 compared to 
those who experienced a single continuous marriage to age 40 (0.026 [0.004/0.038]).  
6.7 Summary and conclusions  
This chapter set out to investigate the relationship between AFB and long term health 
outcomes for men and women in Australia. In doing so, the research was guided by five key 
research questions, concerning (1) the ‘raw’ association between AFB and physical health in 
mid-life; (2) whether or to what extent the observed relationships between AFB and physical 
health can be understood as the product of confounding on the basis of observed early-life 
(dis)advantage, health, and cognitive and non-cognitive skills; (3) whether, in addition to 
affecting the level of physical health, AFB also affects the rate of change in physical health; 
(4) if mid-life socio-economic status, social relationships, fertility history, and health 
behaviour mediate the effect of AFB on physical health; and (5) whether the effect of AFB on 
health is moderated by the broader situation surrounding the birth, including broader 
(dis)advantage, marital history, parity, and birth cohort.  
The first research question is perhaps the most straightforward, and the answer is 
correspondingly clear-cut. In accordance with previous studies (Grundy & Foverskov 2016; 
Mirowsky 2002, 2005; Read, Grundy & Wolf 2011), the analysis shows that older AFB is 
associated with better physical health, with the relationship following an upside-down ‘U’ 
shape. Before adjustment for any confounders (other than year of birth) the magnitude of 
these relationships appears substantial. For men, one year of delay is associated with a health 
advantage approximately equal to the effect of one year of ageing, while for women the same 
quantity is roughly one third greater than the effect of one year of ageing. The apparent health 
advantages of delaying are smaller at older ages, although the effect does not become 
negative until the late thirties for either sex.  
The second major finding is that pre-parenthood confounders explain a substantial proportion 
of the baseline estimate of the AFB-health relationship, about half for both sexes. However, 
the remaining effect, which represents the best approximation of the ‘causal’ effect of fertility 
timing on health, remains positive. This lends support to the view that delaying fertility may 
improve health outcomes, although since the analysis was unable to account for unobserved 
confounding it is reasonable to think that the analyses reported here represent an upper bound 
estimate of the ‘true’ effects. Even viewed in this light, fertility timing still seems to have 
meaningful impacts on later life health – equivalent to roughly two-thirds of a year of ageing. 
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In other words, within the normative range of childbearing, between the early twenties and 
early thirties, a person who chose to delay childbearing by ten years would be expected to 
exhibit physical health equivalent to a person 5-7 years younger in mid-life.  
With respect to confounding, a related finding is that controlling only for demographics and 
childhood family and socio-economic is likely insufficient – models including controls for 
cognitive and non-cognitive skills and (for women) childhood health yield substantially lower 
estimates of the effect of AFB. Although study designs that are unable to account for these 
factors may still be useful, their findings should be interpreted cautiously, bearing in mind 
that they will tend to overstate the magnitude of the effects. As previous evidence shows high 
sibling correlations (in the range of 0.4-0.6) for a range of cognitive and non-cognitive skills 
(Anger & Schnitzlein 2017; Mazumder 2008), SFE designs likely ameliorate, but do not 
resolve, this issue. An important caveat here is that the analysis assumes that cognitive and 
non-cognitive skills are rank-order stable in adulthood and therefore unaffected by fertility 
timing. This is consistent with common practice in previous research and with available 
evidence regarding the stability of non-cognitive skills in the present data (Cobb-Clark & 
Schurer 2012, 2013; Deary et al. 2000; Elkins, Kassenboehmer & Schurer 2017). 
Nonetheless, it is possible that first birth timing may influence later life measurements of 
cognitive and non-cognitive skills (for example by limiting access to occupations that afford 
a stimulating mental environment) and if this were true it would be necessary to reconsider 
the conclusions advanced here.  
A contribution of this research is that it examines the effects of fertility timing on later-life 
health trajectories, rather than at a single point in time as most previous research does (Read, 
Grundy and Wolf (2011) representing an honorable exception). Conceptually, fertility timing 
might influence the rate of change in physical health because a primary mechanism, socio-
economic status, has itself been shown to produce cumulative advantage processes in health 
through mid-life (Leopold 2016; Willson, Shuey & Elder 2007). Consistent with Read, 
Grundy and Wolf’s (2011) analysis of British data, younger mothers (but not fathers) were 
found to experience faster declines in health over mid-life. Before further adjustment, the size 
of the effect is substantively large, with a ten-year delay in fertility timing linked to an 
approximately forty percent slower deterioration in mothers’ health status through mid-life. 
However, when the rate of change is specified as a function of pre-parenthood factors as well 
as AFB, the effect is no longer significant. This suggests that faster deterioration in health 
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status among younger mothers is likely a function of factors that drive selection into first 
birth timing, rather than a consequence of AFB per se.  
The fourth research question concerned potential mediators of the effect of AFB in mid-life, 
including parity, socio-economic status, marital status and social support, and health-related 
behaviors. In the analysis, parity was positively related to health status, with the most 
consistent difference being that those with only a single child were less healthy than those 
with two. In the models of women’s health, having three or (in some cases) four or more 
children was also associated with better health. Because AFB is positively related to parity, 
the consequence is that adjusting for parity increased the estimated effect of AFB. The 
negative effect of low-parity is consistent with prior research that demonstrates that both high 
and low parities are linked to poorer health and increased risks of mortality (Hurt, Ronsmans 
& Thomas 2006). However, the positive effect of high parity was surprising. Since parity was 
top-coded at ‘four or more’ (representing the top 15-18% of the sample), one possibility is 
that negative consequences emerge only at higher parities.  
Of the other potential mediators, only socio-economic status accounted for part of the effect 
of AFB in the models reported here. There were strong effects for household income, 
neighbourhood (dis)advantage, perceived financial strain, and experience of financially 
related hardships. However, despite the strength of the relationships, socio-economic status 
only explained a small part of the total effect – roughly one-sixth after adjusting for parity. 
Otherwise, perceived social support and frequency of physical activity were both strongly 
associated with better physical health in the models, but the inclusion of these factors did not 
change the effect of AFB with health. Overall, the results suggest partial mediation by socio-
economic status, and a persistent unexplained effect of AFB on health. The failure to find 
stronger evidence of mediation may in part reflect the fact that the putative mediators are 
assessed only in mid-life – ideally full histories would be incorporated into the analysis. This 
might be particularly important as it pertains to health-related behaviors, where counter-
intuitive parameter estimates (e.g. no effect of smoking) may reflect reverse-causality of 
(poor) health on health-related behavior.  
Life course theory highlights the importance of placing life-events in broader context, both as 
it pertains to the micro-level circumstances of an actor’s life and the macro-historical 
environment (Elder & Giele 2009; Macmillan & Copher 2005). This emphasis was the focus 
of the final research question, which sought to investigate whether the effects of AFB depend 
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upon socio-economic background, parity, marital history, or birth cohort. Ultimately, there 
was (surprisingly) little evidence that the effects of AFB on health differed among subgroups 
of the sample. Interactions between AFB and childhood disadvantage, school leaving age, 
highest completed educational qualification, marital status at the time of the first birth, parity, 
and birth cohort all yielded non-significant results. The single statistically significant result, 
regarding women’s marital history (up until age 40), indicated that the relationship between 
AFB and health is stronger among women who never married compared to those who 
experienced a single uninterrupted marriage. The magnitude of the interaction is large – the 
point estimate suggests an approximate doubling of the effect of fertility timing – but is also 
subject to considerable uncertainty due to the small number of never-married mothers in the 
sample. If the estimate is correct, one possibility is that it may reflect never-married women’s 
greater reliance on their own labor market position to access resources beneficial to their 
health. Future research should seek to replicate this effect and if confirmed explicate potential 
mechanisms in greater detail.  
The analysis presented in this chapter has important strengths, including notably the 
incorporation of both men and women, assessing the impact of AFB on health trajectories, 
and the ability to adjust for confounding by a broader set of pre-parenthood factors than many 
previous studies. However, there were also some limitations. First, participants enter the 
sample in mid-life, and the analysis is therefore potentially biased by selective mortality prior 
to study commencement. Selective mortality during the study has also not been addressed in 
the analysis. Second, the analysis is wholly parametric, and therefore rests upon linearity 
assumptions with respect to the focal independent variable – AFB – as well as controls and 
mediators. To the extent that this assumption is violated, estimates of the effects of AFB may 
be incorrect. A possible direction for future work is to pair non-parametric balancing 
techniques (such as matching or sub-classification) with growth modelling, which may help 
to reduce the sensitivity of estimates to model specification errors (Ho et al. 2007). 
Methodological work in this area remains incipient, but represents a promising avenue of 
inquiry.  
In summary, the evidence presented in this chapter is consistent with a positive effect of older 
AFB on mid-life health for both sexes. Among men, the effect of fertility timing is stable, 
whereas among women it increases over time (although this is likely due to differences in 
pre-parenthood characteristics). Importantly, the health effects of AFB are largely 
unexplained by mid-life circumstances, suggesting that differences may emerge earlier in the 
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years surrounding the transition to parenthood. The next chapter turns to this earlier life-stage 
in an attempt to explicate these processes.  
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Chapter 7: First Birth Timing and Changes in Health-Related Behaviour 
and Socio-Economic Hardship  
7.1 Introduction 
The previous chapter investigated long-term health effects of fertility timing, finding that 
early first birth timing has a negative effect on later-life physical health for both men and 
women. These effects were reduced in magnitude, but remained robust, after adjustment for a 
range of potential confounders, including childhood health, childhood family and socio-
economic (dis)advantage, and cognitive and non-cognitive skills. For men, the size of the 
health gap attributable to fertility timing is stable over time in mid-life, whereas for women 
the gap increases (although this is probably due to factors other than birth timing per se). 
Assuming that the findings are not the product of residual unmeasured confounding, this 
implies that health-gaps between younger and older first time parents must emerge earlier, 
implicating processes in the years surrounding the first birth.  
Theoretically, the life course paradigm offers a number of conceptual tools to understand the 
complex social and biological processes through which fertility timing may influence health. 
On the social side, a poorly timed first birth may contribute to broader processes of ‘stress 
proliferation’ (Pearlin 2010) or ‘cumulative advantage’ (DiPrete & Eirich 2006; O’Rand 
2002). Although there are some differences in emphasis11, both stress proliferation and 
cumulative advantage denote processes in which negative experiences of some sort contribute 
causally to the future likelihood of experiencing more negative experiences in the (and vice 
versa for positive experiences). If younger parents are unprepared for the new demands 
placed upon them, this may lead to a further worsening of their situation. In turn, struggling 
parents may turn to unhealthy behaviours as a means of coping with the stresses that they 
experience, either directly (e.g. alcohol use or smoking) or by foregoing personal health care 
in order to better manage more pressing exigencies. The financial difficulties that may stem 
from a mistimed first birth may also have other consequences relevant to health outcomes, 
such as exposure to damp or unheated housing, or inability to obtain appropriate medical 
                                                 
11 Specifically, ‘stress proliferation’ seems to be more naturally multidimensional in its’ focus, describing a 
phenomenon where many distinct events and resources contribute to the overall burdens and capabilities of an 
actor, thereby influencing the ongoing chances that they will suffer negative/positive events of various sorts. 
‘Cumulative advantage’ on the other hand, often (although not universally) is taken as a process wherein 
resources within a given social domain (e.g. academia) are leveraged into the ongoing acquisition of more 
resources within that same social domain. These are however, differences of emphasis, and both concepts may 
be productively employed in the present application.  
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care. From a biological perspective, these experiences may lead to ‘accumulation of risk’ 
(Kuh et al. 2003) among younger parents, with repeated bodily insults ultimately giving rise 
to diverging trajectories of physical health.  
Addressing these concerns, this chapter therefore examines changes in selected health-related 
behaviors and indicators of socio-economic position across the parenthood transition. The 
remainder of the chapter is structured as follows. The next section reviews previous research 
on changes in health behaviours and socio-economic wellbeing around the parenthood 
transition, focussing particularly on those factors (alcohol use, physical activity, and 
economic situation) that are the empirical focus of the present chapter, and the question of 
whether these changes differ depending on fertility timing. Data are then introduced and the 
methodology described, before the presentation of results in the third major section. Last, the 
concluding section of the chapter summarizes the findings and discusses the implications of 
the work for the broader field.  
7.2 Previous research 
7.2.1 Alcohol use 
Alcohol use is perhaps the most studied health behaviour in relation to the parenthood 
transition. Many studies indicate that alcohol consumption declines in the aftermath of the 
transition to parenthood (e.g. Bachman et al. 2014; Staff et al. 2010), a finding often 
attributed to ‘role incompatibility’ – a conflict between the demands of parenthood and the 
social settings and consequences of alcohol use. Studies assessing whether changes over the 
parenthood transition differ depending on the age of the parent are however much rarer. 
Wolfe (2009) contrasts ‘role incompatibility’ theory – which suggests that regardless of 
timing parenthood will reduce alcohol use – and ‘stress proliferation’ theory – which suggests 
that early parenthood will lead to increased alcohol use. Using the National Longitudinal 
Surveys of Youth (NLSY) data and a combination of both fixed- and random-effects models, 
he finds mixed support for both theories. Immediate decreases in binge drinking at the time of 
the transition did not differ by age at first birth for women, while only fathers aged 23 or 
older exhibited any change. In the longer term, however, younger parents’ likelihood of binge 
drinking increased substantially, leading to them eventually overtaking non-parents and older 
parents in the amount of alcohol consumed. Little et al. (2009) investigate trajectories of 
alcohol use from early adolescence to age thirty as a function of parenthood timing, finding 
that adolescent parenthood is linked to faster increases during adolescence, and higher 
151 
sustained levels of, in the volume of alcohol consumption. Finally, a pair of studies by Liu, 
Mumford & Petras (2015, 2016) use growth mixture models to examine heterogeneous 
trajectories of mothers’ alcohol use up to five years after (and immediately before) birth. 
Contrary to expectations, they report that older maternal age is linked to considerably higher 
odds of experiencing a rapid increase in alcohol consumption post-partum and sustaining 
high-levels in the medium term. In sum, the (small) body of evidence regarding a potential 
moderating effect of fertility timing on trajectories of alcohol use is inconsistent – some 
research (Wolfe 2009; Little et al. 2009) finds that early birth timing is linked to faster 
subsequent increases in alcohol use, while others (Liu, Mumford & Petras 2015; 2016) show 
the opposite effect.  
7.2.2 Physical activity  
Research on the parenthood transition in relation to physical activity – at least inasmuch as it 
pertains to timing of fertility – is even more limited. Although it is clear that being a parent, 
in particular when children are young, is associated with lower levels of physical activity 
(Bellows-Riecken & Rhodes 2008), there have been no studies that explicitly examine 
whether this relationship holds regardless of fertility timing. In the Australian context, there 
have been several studies examining change in physical activity across the parenthood 
transition. Most recently, Perales, del Pozo-Cruz and del Pozo-Cruz (2015) used the HILDA 
data to address the role of parenthood in medium to long run patterns of change in physical 
activity for men and women. They find that men experienced a small drop in physical activity 
at the time of becoming a father, with approximately no change thereafter, whereas women’s 
levels of physical activity declined prior to parenthood, continued this trend during the first 
few years of parenthood, and then remained largely stable. Earlier studies based on a cohort 
of young women find that the motherhood transition is linked to a decline in physical activity 
(Bell & Lee 2005; Brown, Heesch & Miller 2009; Brown & Trost 2003).  
7.2.3 Socio-economic wellbeing 
As research on the economic consequences of birth timing has been discussed in detail in the 
previous chapter, the evidence is only briefly summarized here. In short, the large body of 
work investigating socio-economic consequences of adolescent fertility provides decidedly 
mixed results, with some studies finding negative consequences for subsequent education and 
earnings (Ashcraft, Fernandez-Val & Lang 2013; Fletcher & Wolfe 2009) and others 
reporting no effect or event positive effects (Hotz, McElroy & Sanders 2005). Much of this 
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variability in findings may be attributable to differences in study populations and method – 
Diaz and Fiel (2016) attempt to reconcile some of the controversy in this area by suggesting 
that the effects of teenage pregnancy are heterogeneous, with those most likely to experience 
a teenage pregnancy suffering the least ill-effects. At older ages, the research is generally 
more consistent, although less voluminous, with several studies reporting (for US data) that 
the motherhood wage-penalty decreases among older women, in particular those who are 
more highly educated or work in more professional occupations (Miller 2011; Taniguchi 
1999).  
7.3 Research question 
This chapter is focussed on one primary research question: do changes in health-related 
behaviour and circumstances, both at the time of becoming a parent and in the years 
thereafter, differ depending on fertility timing? The parenthood transition may create short 
term changes in health behaviour, either due to role-performance demands or resource 
constraints associated with the new role. In the longer term, ‘stress proliferation’ or 
‘cumulative advantage’ processes (DiPrete & Eirich 2006; Pearlin 2010) may lead to 
diverging trajectories of health behaviour and socio-economic hardship. The chapter 
therefore investigates both immediate changes and longer run trajectories of change.  
7.4 Methodology 
7.4.1 Data 
Data for the chapter differ substantially from that used in the previous two chapters, as the 
analysis concerns a younger life stage. Data are drawn from the HILDA survey as before, and 
are restricted to person years between ages 15-40, for respondents who were ever parents. 
Because men born after 1989 and women born after 1992 can only appear in the ‘early’ 
parenthood group (defined below), birth cohorts after these dates are excluded from the 
analysis. This ensures that the analysis does not depend on model-based extrapolation over 
birth cohorts where there is no overlap. Comparisons including the ‘late’ parenthood group 
similarly exclude women born after 1984 and men born after 1982. Due to the upper age 
limit, the earliest birth cohort included in the analysis is 1961 for both men and women. 
Summary statistics for all variables employed in the analysis are presented in table 7.1.  
The focal predictor is age at the time of first birth, grouped into ‘early’, ‘normative’, and 
‘late’, which is a time invariant measure for each individual. For women, ‘early’ is defined as  
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Table 7.1: Summary statistics for analytical variables 
 Mean/ 
percent 
Std. dev. Imputed 
percent 
 
First birth timing    
‘Early’ 28.1%  0.0% 
‘Normative’ 46.9%  0.0% 
‘Late’  25.0%  0.0% 
‘Change’ variables    
Age (centred at zero = 15 years) 16.4 6.20 0.0% 
After first birth (1 yes; 0 no) 0.8 0.39 0.0% 
Years after first birth 5.5 5.61 0.0% 
Outcomes    
Physical activity – frequency 3.52 1.48 12.9% 
Alcohol – frequency 3.26 1.62 13.5% 
Alcohol – usual volume 2.75 1.43 13.7% 
Hardships (1 yes; 0 no) 0.35 0.48 13.6% 
Poor financial position (1 yes; 0 no) 0.36 0.48 13.2% 
Demographics    
Female 56.7%  0.0% 
Year of birth 1974 8.0 0.0% 
Ethnicity/immigration    
3rd generation 52.1%  0.0% 
2nd generation 21.8%   
1st generation – English 1st language 10.0%   
1st generation – English not 1st language 11.7%   
ATSI 4.5%   
Childhood disadvantage – SES and family structure    
Grandparent education    
Degree 20.1%  8.7% 
Completed secondary / non-degree post-secondary 53.8%   
Less than completed secondary 25.5%   
Grandparent occupational status 51.3 23.5 4.0% 
Grandfather unemployed for 6+ months 17.4%  9.4% 
Left school before 16 14.7%  0.1% 
Not resident in two-biological parent family at 14 24.9%  0.0% 
Grandmother aged less than 21 at time of respondent’s birth 12.9%  9.1% 
Number of siblings 2.5 1.74 0.4% 
Childhood health    
Self-rated health in childhood 1.7 0.93 8.2% 
Missed a month of school due to poor health 9.0%  8.3% 
Parents smoked in childhood 61.8%  8.1% 
Long term health condition at age 15 6.3%  1.3% 
Cognitive skills    
Backwards digit span -0.1 1.44 30.7% 
Symbol digits modalities -0.1 10.38 36.9% 
Word pronunciation  -0.49 5.18 37.5% 
Non-cognitive skills    
Agreeableness -0.0 0.80 22.8% 
Conscientiousness -0.0 0.92 22.8% 
Emotional stability 0.0 0.95 22.8% 
Extraversion 0.1 1.00 22.8% 
Openness to experience -0.1 0.95 22.8% 
Locus of control -0.0 0.95 19.2% 
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 Mean/ 
percent 
Std. dev. Imputed 
percent 
 
Age of youngest child     
0 to 4 46.4  0.0% 
5 to 14 22.2   
15 to 24  1.4   
No dependent child present (ref) 30.0   
Marital status    
No resident partner (ref.) 22.5  0.1% 
Legally married  55.1   
De facto  22.4   
Social support 5.44 1.00 13.0% 
Household income    
1st quintile (lowest) 14.7  0.0% 
2nd quintile 24.4   
3rd quintile (ref.) 23.0   
4th quintile  20.5   
5th quintile (highest) 17.3   
Neighbourhood disadvantage decile 5.35 2.84 0.00% 
Men, N (persons) = 3,140, N (obs) = 19,775. Women, N (persons) = 4,111, N (obs) = 26,462. ATSI: Aboriginal 
or Torres Strait Islander.  
 
before age 22, ‘normative’ as 22-29, and ‘late’ as 30-40. The corresponding cut-offs for men 
are before age 25, 25-31, and 32-40. This classification of first birth timing was selected so 
that the youngest quartile of first birth timing represents an ‘early’ birth, the middle two 
quartiles represent ‘normative’ birth timing, and the oldest quartile represents a ‘late’ birth.  
Five dependent variables are considered in the analysis12. For alcohol, measures of frequency 
and intensity of alcohol consumption are addressed separately. Alcohol consumption 
frequency is coded as 1 “Non-drinker” to 7 “Every day”. Intensity is coded from 1 “Non-
drinker” to 8 “13 or more standard drinks” on a usual day that the respondent consumes 
alcohol. As the question wording at the first wave of data collection differed from later 
waves, only data from waves 2-14 are included in the analysis. Frequency of moderate 
physical activity ranges from 1 “Not at all” to 6 “Every day”. Two socio-economic dependent 
variables are included. The first is an indicator (1 “Yes”; 0 “No”) of whether the respondent 
experienced any of a list of hardships ‘due to lack of money’ in the past twelve months. 
Listed hardships including inability to pay bills on time, inability to heat home, went without 
meals, asked for financial help from friends, family, or welfare/community organizations, and 
pawned or sold something. The second socio-economic dependent variable is an indicator of 
respondents’ subjective financial position given their needs and circumstances. The original 
                                                 
12 Smoking was also considered for inclusion in the analysis, but was ultimate excluded due to its’ relative 
scarcity and lack of within individual variation in smoking status.  
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question is a six-category likert scale ranging from “Prosperous” to “Very poor”. For 
analysis, this item is dichotomized and takes the values 0 (“Prosperous”/“Very 
comfortable”/“Reasonably comfortable”) or 1 (“Just getting along”/“Poor”/“Very poor”).  
Time invariant background covariates are the same as those in the previous chapter, including 
measures of childhood family and socio-economic advantage (grandparent occupational 
status, grandparent education, whether the respondents’ father was ever unemployed for six 
months or more, whether the respondent left school before sixteen, whether the respondent 
lived with both biological parents at age fourteen, how many siblings the respondent had, and 
whether the respondents’ mother was aged less than twenty at the time of the respondents’ 
birth), ATSI and migrant status, year of birth, and cognitive and non-cognitive skills. Time 
varying covariates include age of youngest child (coded 0-4 years, 5-14, 15-24, and no 
resident child less than 25), relationship status (no resident partner, de facto relationship, 
legally married), perceived social support, equivalized household income quintile, and 
neighbourhood disadvantage (in deciles).  
As described in chapter 3, missing values on all variables were imputed using MICE, with m 
= 20 imputations performed. In accordance with published recommendations for the 
imputation of panel data (Young & Johnson 2015), the data were imputed in wide format 
(allowing observed values from a previous wave to be used to predict missing values, and 
obviating difficulties that arise from non-independence of observations within individuals in 
long format) before being reshaped to long format for analysis. To avoid introducing bias into 
the results via the imputation process, imputation was performed separately by sex and by 
fertility timing, as prescribed by White, Royston and Wood (2010).  
7.4.2 Modelling change across the parenthood transition 
Changes in alcohol and physical activity were modelled via a series of individual-fixed 
effects panel models (Allison 2009). As discussed in chapter 3, fixed effects models 
effectively discard all on-average variation in outcome and predictors across individuals and 
rely only on within-individual changes to estimate the parameters of interest. To model 
changes in the two binary outcomes of socio-economic wellbeing, ‘hybrid’ models were 
fitted (Allison 2009). Hybrid models are in essence random-effects models with all time-
varying covariates split into an individual-specific mean (which represent ‘between’ 
individual effects) and time-specific deviations from the mean (representing ‘within’ 
individual effects of change over time). The resulting ‘within’ parameter estimates are 
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equivalent to those obtained from a conventional fixed-effects approach. The hybrid 
modelling approach was chosen to accommodate slight variations in the analytic sample(s) 
arising from the data imputation process, which would otherwise present problems for the 
estimation. Specifically, if the analysis were conducted using a conditional logit model (the 
logistic equivalent of a fixed-effects model) the analytic sample would differ slightly across 
imputations because some individuals would lack any temporal variation in the outcome(s) in 
some imputations. Hybrid models circumvent this difficulty by using data from all 
individuals, while providing equivalent estimates.  
Change over time in the outcomes variables is represented in the models through several 
parameters. First, age in years, centred at age 15, is included to capture changes that occur in 
many outcomes with ageing. To allow for sharp shifts in behaviour that accompany reaching 
legal adulthood, dummy variables indicating ages less than 18 are also included. A dummy 
variable (coded 1 for the year immediately preceding the first birth and thereafter, and 0 
beforehand) is used to represent immediate changes in behaviour across the parenthood 
transition. Last, years elapsed since the first birth is included as a separate linear term to 
allow for a differential rate of change after parenthood. The parameters may be interpreted as 
representing the yearly-change before parenthood (‘age’), the deviation from that rate of 
change after becoming a parent (‘years after parenthood’), and the step-change at the time of 
the parenthood transition (‘transition to parenthood’).  
The parameters of primary interest are the interactions of the change variables with fertility 
timing, which quantify whether the shape of change in the outcomes across the parenthood 
transition differs based on the age at which the transition occurs. In the model specification 
adopted here, the ‘main effects’ of the change variables represent the pattern across 
parenthood for the reference (older) age at first birth group, while the interactions show the 
differences in the various parts of the trajectory for younger first time parents.  
7.4.3 Inverse probability of treatment weighting 
The fixed-effects approach is often presented as the ‘gold standard’ for causal inference with 
panel data, because of the substantial protection it provides against unobserved confounders. 
However, fixed-effects models only offer protection against a specific (albeit widespread and 
powerful) form of confounding, namely that which arises from time-constant effects of time-
invariant confounders. However, in life course studies it is widely recognized that time-
invariant characteristics may also contribute to distinct age-graded patterns of change, as well 
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as driving on-average differences between individuals. Background factors may also 
contribute to heterogeneity in the causal effects of the parenthood transition. If these 
background factors are also related to fertility timing, causal heterogeneity that is properly 
understood as the product of other factors may be mistakenly attributed to fertility timing.  
To ameliorate any potential biases arising from these issues, inverse probability of treatment 
weighting (IPTW) was employed to ‘balance’ the distributions of time-invariant background 
characteristics between fertility timing groups (Austin 2011; Austin & Stuart 2015; 
Rosenbaum 1987). Average treatment effect on the treated (ATT) weights were developed 
separately by sex to facilitate two comparisons13: 1) where early parenthood is considered as 
the ‘treatment’ and normative fertility timing is the counterfactual, and 2) where normative 
fertility timing is the ‘treatment’ and late parenthood the counterfactual. For both 
comparisons, weights are equal to 1 for the younger ‘treated’ fertility timing group, and the 
estimated odds ( ) of younger fertility timing among the older ‘counterfactual’ group. This 
reflects the goal of the IPTW approach, being to create a synthetic counterfactual group 
where the reweighted distributions of the background factors are equivalent to the observed 
distributions in the ‘treated’ group. Because the analysis uses ATT weights, the model 
estimates can be interpreted as the effects of younger entry to parenthood among those who 
actually do enter into parenthood at a (comparatively) younger age.  
The probability of experiencing an earlier first birth is estimated using boosted classification 
trees, previously described more fully in the methods chapter (Friedman 2001; Hastie, 
Tibshirani & Friedman 2009). Boosting was proposed by McCaffrey, Ridgeway and Morral 
(2004) as an alternative to logistic regression for the estimation of propensity scores, and 
offers a number of important benefits. These include the fact that it is insensitive to all 
monotonic transformations of the pre-treatment covariates (and as a consequence is robust to 
any extreme outliers), automatically incorporates non-linearities and interactions in the 
prediction equation, will automatically neglect variables that are non-informative with respect 
to treatment allocation, and generally offers much enhanced predictive performance. The 
                                                 
13 Several other comparisons were considered in preliminary analyses, including the comparison between ‘early’ 
and ‘late’ fertility timing, and comparisons where older fertility timing is framed as the ‘treatment’ and younger 
fertility as the ‘counterfactual’. The comparison between ‘early’ and ‘late’ fertility timing was discarded as the 
reweighting process failed to achieve acceptable balance, likely reflecting the extreme nature of the 
counterfactual in question. Otherwise, the decision to focus on comparisons in which the younger fertility timing 
group is the ‘treatment’ was based on the sense that most policy and academic interest is directed towards 
understanding effects within the comparatively disadvantaged groups who become parents earlier in the life 
course.  
158 
price to be paid for these advantages is that the resulting model is generally opaque, lacking 
the familiar coefficients of the logistic regression. However, as the substantive relationships 
between background factors and fertility timing have been analysed separately (in chapter 5), 
this was considered to be a minor drawback in comparison to obtaining the best possible 
balance in background factors between the fertility groups. The modelling process and 
construction of weights was implemented using the Toolkit for Weighting and Analysis of 
Nonequivalent Groups (TWANG) package in R (Ridgeway et al. 2016). For the present 
application, the constituent classification trees were limited to five terminal nodes, with a 
maximum of 50,000 iterations14, and a shrinkage of 0.001. At each iteration, the (weighted) 
balance is checked, and the solution that minimizes the mean Kolmogorov-Smirnov statistic 
(which quantifies the degree of difference between two distributions) is selected. Alternative 
stopping criteria, minimizing maximum effect size, mean effect size, or maximum 
Kolmogorov-Smirnov statistic, were also trialled. However, the weights produced by these 
stopping rules were near-perfectly (>0.999) correlated with those used in the present analysis, 
suggesting that the analysis is unlikely to be sensitive to choice of stopping criterion. To 
accommodate the multiply-imputed data, propensity scores for each individual are first 
averaged across the 20 imputed datasets, and a single weight is constructed on the basis of 
this value.  
7.4.4 Analysis strategy 
After development of the weights, a series of weighted models were fitted for each outcome. 
The form of the model was chosen to reflect the research question and the distributional 
properties of the relevant outcome variable. Fixed-effect models were used to analyse change 
in alcohol use and physical activity across the parenthood transition. Hybrid models were 
used to analyse change in financial hardship and subjective financial position. The first model 
in each case incorporates parameters for age, transition, and trajectory, as described 
previously, plus interactions between fertility timing and the change parameters. The second 
model adds age of youngest child to allow for the effects of subsequent fertility. Model three 
adds marital status and social support, and model four adds indicators of socio-economic 
position (household income and neighbourhood disadvantage). Separate models were fitted 
                                                 
14 The primary concern in choosing a maximum number of iterations is simply to allow adequate time for 
optimal balance to be achieved. After a certain number of iterations, the model becomes overfitted, leading to 
deteriorating balance thereafter. Optimal balance is achieved much earlier in the current application, meaning 
that the figure of 50,000 iterations is merely precautionary.  
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for both the early vs normative and normative vs late comparisons, because of the different 
weights required for each and the additional birth cohort restrictions for the older fertility 
group. Modelling was also conducted separately by sex.  
7.5 Results 
Table 7.2 presents summary information regarding the weighting process, including weighted 
and unweighted balance (as indicated by the Kolmogorov-Smirnov statistic), summary 
statistics for the weights, and sample sizes for each of the comparisons. As these results 
illustrate, there is initially substantial imbalance in background characteristics between the 
different fertility timing groups, in particular between the ‘early’ and ‘normative’ groups. 
However, the weighting process is in general quite successful in reducing the degree of 
imbalance, although some differences remain for the early vs normative comparison. After 
weighting, significant differences (albeit substantially reduced) persist for women in the early 
vs normative comparison group with respect to the proportion who had left school before age 
16, and word pronunciation score – women in the ‘early’ group were roughly 7 percentage 
points more likely to have left school early, and scored 10 percent of a standard deviation 
lower on the word pronunciation task. For men, those in the early group had slightly more 
siblings and more external locus of control than those in the normative group after the ATT 
weights are applied. No significant differences remain for either sex in the ‘normative’ vs 
‘late’ comparison group. The resulting weights for the older ‘control’ group in the ‘early’ vs 
‘normative’ comparison averaged 0.42 (range: 0.05-3.81) and 0.45 (range: 0.08-3.98) for 
women and men respectively. For the ‘normative’ vs ‘late comparison the corresponding 
values were mean 1.15 (range: 0.16-7.11) and 1.04 (range: 0.12-3.81), respectively.  
7.5.1 Physical activity 
Table 7.3 shows the modelling results for the first of the health behavioural outcomes – 
frequency of physical activity. At the outset, it is worth briefly reiterating the meaning of the 
key parameters. ‘Age’ is simply age in years, and consequently the corresponding parameter 
estimates represent the yearly change in the outcome. Specifically, as the other change 
variables are equal to zero prior to the birth of the first child, the parameter for age may 
similarly be interpreted as the rate of change prior to the birth of the first child. The 
‘transition’ is equal to 0 up until two years prior to the first birth and 1 from the year 
immediately prior to the birth of the child and onwards. The corresponding parameter 
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Table 7.2: IPTW summary statistics and balance 
 Women Men 
 Early vs. normative Normative vs late Early vs. normative Normative vs late 
 Balance (Kalmogorov-Smirnov) 
 Unweighted Weighted Unweighted Weighted Unweighted Weighted Unweighted Weighted 
Demographics         
Year of birth 0.131*** 0.046 0.075** 0.041 0.146*** 0.068 0.086** 0.047 
Ethnicity/immigration         
2nd generation 0.004 0.006 0.005 0.006 0.005 0.003 0.020 0.018 
1st generation - English 1st language 0.001 0.010 0.045 0.008 0.017 0.01 0.032 0.016 
1st generation - English not 1st language 0.056** 0.019 0.001 0.013 0.047 0.021 0.013 0.007 
ATSI 0.084*** 0.024 0.022 0.021 0.054 0.027 0.018 0.018 
Childhood disadvantage – SES and family 
structure 
        
Grandparent education         
Degree 0.082*** 0.023 0.133*** 0.010 0.065* 0.013 0.077** 0.010 
Less than completed secondary 0.092*** 0.033 0.076** 0.004 0.026 0.018 0.049 0.001 
Grandparent occupational status 0.189*** 0.051 0.187*** 0.038 0.118*** 0.043 0.139*** 0.038 
Grandfather unemployed for 6+ months 0.126*** 0.049 0.038 0.008 0.089*** 0.056 0.000 0.001 
Left school before 16 0.210*** 0.068* 0.093*** 0.037 0.166*** 0.056 0.057 0.029 
Not resident in two-biological parent family at 
14 
0.199*** 0.048 0.064* 0.047 0.163*** 0.062 0.029 0.023 
Grandmother aged less than 21 at time of 
respondent’s birth 
0.109*** 0.051 0.058* 0.022 0.08** 0.034 0.024 0.023 
Number of siblings 0.111*** 0.058 0.136*** 0.042 0.106*** 0.074* 0.057 0.034 
Childhood health         
Self-rated health in childhood 0.062** 0.031 0.024 0.018 0.089*** 0.053 0.038 0.026 
Missed a month of school due to poor health 0.036 0.030 0.013 0.010 0.047 0.03 0.008 0.013 
Parents smoked in childhood 0.145*** 0.041 0.024 0.004 0.110*** 0.042 0.067* 0.030 
Long term health condition at age 15 0.038 0.014 0.019 0.022 0.048 0.035 0.003 0.006 
Cognitive skills         
Backwards digit span 0.096*** 0.033 0.063* 0.029 0.117*** 0.04 0.056 0.030 
Symbol digits modalities 0.104*** 0.035 0.104*** 0.036 0.150*** 0.05 0.064* 0.034 
Word pronunciation  0.171*** 0.060* 0.197*** 0.048 0.195*** 0.054 0.095*** 0.032 
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 Women Men 
 Early vs. normative Normative vs late Early vs. normative Normative vs late 
 Balance (Kalmogorov-Smirnov) 
Non-cognitive skills         
Agreeableness 0.065** 0.043 0.051 0.035 0.096*** 0.046 0.075** 0.044 
Conscientiousness 0.132*** 0.043 0.090*** 0.020 0.128*** 0.05 0.060 0.024 
Emotional stability 0.075** 0.039 0.058* 0.031 0.111*** 0.04 0.047 0.040 
Extraversion 0.063** 0.025 0.067** 0.023 0.040 0.034 0.034 0.022 
Openness to experience 0.055* 0.030 0.107*** 0.047 0.083** 0.046 0.07* 0.035 
Locus of control 0.111*** 0.037 0.132*** 0.043 0.172*** 0.077* 0.054 0.035 
         
 Weight summary 
 Mean (SD) Min/max Mean (SD) Min/max Mean (SD) Min/max Mean (SD) Min/max 
Weight (‘treated’) 1 (0) 1/1 1 (0) 1/1 1 (0) 1/1 1 (0) 1/1 
Weight (‘control’) 0.42 (0.37) 0.05/3.81 1.15 (0.75) 0.16/7.11 0.45 (0.33) 0.08/3.98 1.04 (0.50) 0.12/3.81 
         
N ‘treated’  1,120  1,687  919  1,246  
N ‘control’ 1,951  1,040  1,450  771  
Weighted effective sample size ‘control’  986  654  851  601  
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Table 7.3: Physical activity frequency  
 Model 1 Model 2 Model 3 Model 4 
 Est. SE Est. SE Est. SE Est. SE 
 Women 
 ‘Early’ vs ‘normative’ fertility timing 
Age 0.00 0.02 -0.00 0.02 0.01 0.02 0.00 0.02 
Age * ‘early’  -0.03 0.07 -0.04 0.08 -0.04 0.08 -0.04  0.08 
Transition to parenthood  -0.17 0.11 -0.19 0.12 -0.18 0.11 -0.17 0.12 
Transition to parenthood * ‘early’  0.17 0.25 0.18 0.26 0.18 0.26 0.18 0.29 
Years after parenthood 0.01 0.02 0.01 0.03 -0.00 0.03 0.00 0.03 
Years after parenthood * ‘early  0.03 0.08 0.04 0.08 0.04 0.08 0.04 0.08 
 ‘Normative’ vs ‘late’ fertility timing 
Age -0.00 0.02 0.00 0.02 0.01 0.02 0.01 0.02 
Age * ‘normative’ first birth -0.03 0.03 -0.03 0.03 -0.02 0.03 -0.03 0.03 
Transition to parenthood  -0.47*** 0.08 -0.35*** 0.09 -0.34*** 0.08 -0.34*** 0.08 
Transition to parenthood * ‘normative’  0.31* 0.12 0.31* 0.12 0.30* 0.12 0.30* 0.12 
Years after parenthood -0.00 0.02 -0.01 0.02 -0.01 0.02 -0.01 0.02 
Years after parenthood * ‘normative’ 0.04 0.03 0.03 0.03 0.02 0.03 0.02 0.03 
 Men 
 ‘Early’ vs ‘normative’ fertility timing 
Age -0.05* 0.02 -0.04* 0.02 -0.03 0.02 -0.03 0.03 
Age * ‘early’  -0.03 0.05 -0.02 0.05 -0.02 0.05 -0.02 0.05 
Transition to parenthood  -0.09 0.12 0.02 0.12 -0.00 0.13 -0.01 0.13 
Transition to parenthood * ‘early’  0.15 0.24 0.11 0.24 0.14 0.24 0.14 0.24 
Years after parenthood 0.03 0.02 0.02 0.02 0.00 0.03 0.00 0.03 
Years after parenthood * ‘early  0.02 0.05 0.02 0.05 0.02 0.05 0.02 0.05 
 ‘Normative’ vs ‘late’ fertility timing 
Age -0.02 0.02 -0.02 0.02 -0.02 0.02 -0.02 0.02 
Age * ‘normative’ first birth -0.06* 0.03 -0.05* 0.03 -0.05 0.03 -0.05 0.03 
Transition to parenthood  -0.07 0.09 0.01 0.09 0.01 0.09 0.01 0.09 
Transition to parenthood * ‘normative’  0.02 0.13 0.02 0.13 0.02 0.13 0.02 0.13 
Years after parenthood -0.03 0.02 -0.03 0.02 -0.03 0.03 -0.03 0.03 
Years after parenthood * ‘normative’ 0.10** 0.03 0.09** 0.03 0.09** 0.03 0.09** 0.03 
All models weighted as previously described. ‘Early’ vs ‘normative’ models additionally include dummy variables for ages 15, 16 and 17. Model 1 includes no other time-
varying covariates. Model 2 adds age of youngest child. Model 3 adds partnership status and social support. Model 4 adds household income and neighbourhood advantage. 
Women ‘early’ vs ‘normative N = 3,071; Women ‘normative’ vs ‘late’ N = 2,727; Men ‘early’ vs ‘normative’ N = 2,369; Men ‘Normative’ vs ‘late’ N = 2,017 
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estimate is therefore the ‘step change’ in the outcome at the time of the birth. Finally, the 
‘trajectory’ variable is zero until the time of the first birth and increments by one each year 
thereafter. Its’ parameter may be understood as the deviation from the overall rate of change 
after the first birth (the overall yearly rate of change after the first birth is therefore equal to 
the age parameter plus the trajectory parameter). Because the change variables are interacted 
with fertility timing, the main effects represent the estimate for the excluded (older) reference 
group. It is also important to keep in mind that the two comparisons are weighted to different 
target populations: the comparatively disadvantaged ‘early’ parenthood group in the ‘early’ 
vs ‘normative’ comparison and the ‘normative’ group in the ‘normative’ vs ‘late’ 
comparison.  
Examining the results for women’s physical activity over the ‘early’ vs ‘normative’ 
comparison, it is apparent that there are no statistically significant results, indicating no 
change in physical activity levels among this group, and no effect of the parenthood 
transition. This conclusion is unchanged by the introduction of age of youngest child, 
partnership status, social support, neighbourhood disadvantage, and household income as 
controls in models 2-4. For the ‘normative’ vs ‘late’ comparison, there is a significant 
negative main effect for the ‘transition’ parameter (-0.47, p < 0.001), indicating an immediate 
reduction in new mothers’ physical activity. This effect is however offset by a positive 
interaction with ‘normative’ birth timing (0.31, p < 0.05), indicating that the reduction in 
physical activity at the time of the birth is confined to those in the ‘late’ fertility group. This 
pattern is, again, unaffected by the subsequent introduction of controls.  
A different pattern emerges for men’s physical activity. For the ‘early’ vs ‘normative’ 
comparison, there is a weak negative effect for age (-0.05, p < 0.05), which becomes non-
significant after marital status and social support are controlled for in model 3, and otherwise 
no statistically significant parameters. Comparing ‘normative’ to ‘late’ first time fathers, 
there is a downwards trend in frequency of physical activity in the years before the first birth, 
for the younger group only (-0.06, p < 0.05). This is offset by a positive interaction between 
‘normative’ fertility timing and the trajectory parameter (0.10, p < 0.01), with the net effect 
that neither ‘late’ nor ‘normative’ fathers are predicted to experience any significant change 
in their levels of physical activity in the years after the birth. After including control variables 
in the models, the age by fertility timing interaction becomes non-significant, although this 
largely reflects the already marginal nature of the hypothesis test result rather than any 
substantial change in the magnitude of the parameter.  
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7.5.2 Frequency of alcohol consumption 
Findings for frequency of alcohol consumption are presented in table 7.4. For women, the 
results for the early vs normative comparison show, in brief, that 1) women in the ‘early’ 
group are increasing their alcohol use at a comparatively faster rate in the years prior to the 
first birth (0.13, p < 0.05); 2) there is a large reduction in the frequency of alcohol use at the 
time of the transition (-0.75, p < 0.001) that is independent of fertility timing, and 3) fertility 
timing does not alter the (flat) trajectory of alcohol use after the birth. The third point is 
arrived at by observing that the significant positive interaction between age and early first 
birth is effectively cancelled out by the negative interaction with the trajectory variable. After 
introduction of controls, there are no significant interactions with fertility timing. Comparing 
‘normative’ fertility timing to ‘late’, there is again a large reduction at the time of the birth (-
0.81, p < 0.001), followed by a gradual subsequent increase (0.10, p < 0.01). This pattern is 
unaffected by fertility timing or the addition of controls to the model.  
A near-identical pattern emerges for men in the ‘early’ to ‘normative’ comparison: ‘early’ 
fathers increase the frequency of their alcohol use at a quicker rate in the lead-up to 
fatherhood (0.12, p < 0.01), and both early and normative fathers experience a drop-off at the 
time of fatherhood (-0.39, p < 0.01). The primary difference in this case compared to women 
is that men also experience a continuing decline in the frequency of alcohol use in the 
aftermath of parenthood (-0.09, p < 0.01), although this does not depend on timing of 
fertility. The pattern of results is robust to further control. In the ‘normative’ vs ‘late’ 
comparison, by contrast, there are no significant effects whatsoever. At first glance, this may 
seem puzzling – the negative main effect of the transition to parenthood in the previous 
comparison refers to ‘normative’ age fathers, so it is reasonable to expect it to be replicated 
for ‘normative’ age fathers in the present comparison. This apparent discrepancy likely 
reflects the different weighting schemes: in the ‘normative’ vs ‘late’ comparison, normative-
age-fathers have a uniform weight of 1. On the other hand, in the ‘early’ vs ‘normative’ 
comparison, ‘normative’ age fathers are weighted to be similar to ‘early’ fathers, meaning 
that the effect in this case should be interpreted as the average change for a normative-age-
father who is otherwise similar to early-age-fathers.  
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Table 7.4: Alcohol consumption frequency 
 Model 1 Model 2 Model 3 Model 4 
 Est. SE Est. SE Est. SE Est. SE 
 Women 
 ‘Early’ vs ‘normative’ fertility timing 
Age 0.06** 0.02 0.06** 0.02 0.06** 0.02 0.06** 0.02 
Age * ‘early’  0.13* 0.06 0.08 0.06 0.08 0.06 0.08 0.06 
Transition to parenthood  -0.75*** 0.10 -0.88*** 0.11 -0.87*** 0.11 -0.88*** 0.11 
Transition to parenthood * ‘early’  -0.02 0.22 0.08 0.22 0.09 0.22 0.09 0.22 
Years after parenthood -0.03 0.02 -0.02 0.02 -0.03 0.02 -0.03 0.02 
Years after parenthood * ‘early  -0.14* 0.06 -0.10 0.07 -0.09 0.07 -0.09 0.07 
 ‘Normative’ vs ‘late’ fertility timing 
Age -0.01 0.03 -0.01 0.03 -0.01 0.03 -0.01 0.03 
Age * ‘normative’ first birth 0.03 0.04 0.01 0.04 0.02 0.04 0.02 0.04 
Transition to parenthood  -0.81*** 0.12 -0.99*** 0.12 -0.98*** 0.12 -0.98*** 0.12 
Transition to parenthood * ‘normative’  0.16 0.16 0.17 0.16 0.16 0.16 0.16 0.16 
Years after parenthood 0.10** 0.03 0.09** 0.03 0.08** 0.03 0.08* 0.03 
Years after parenthood * ‘normative’ -0.07 0.04 -0.05 0.04 -0.05 0.04 -0.05 0.04 
 Men 
 ‘Early’ vs ‘normative’ fertility timing 
Age 0.09*** 0.02 0.09*** 0.02 0.09*** 0.02 0.09** 0.03 
Age * ‘early’  0.12** 0.04 0.13** 0.04 0.13** 0.04 0.13** 0.04 
Transition to parenthood  -0.39** 0.12 -0.34** 0.12 -0.33** 0.12 -0.32** 0.12 
Transition to parenthood * ‘early’  -0.25 0.20 -0.26 0.21 -0.27 0.21 -0.29 0.21 
Years after parenthood -0.09** 0.03 -0.09** 0.03 -0.09** 0.03 -0.08** 0.03 
Years after parenthood * ‘early  -0.13** 0.05 -0.13** 0.05 -0.13** 0.04 -0.14** 0.05 
 ‘Normative’ vs ‘late’ fertility timing 
Age 0.01 0.02 0.01 0.02 0.01 0.02 0.01 0.02 
Age * ‘normative’ first birth 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
Transition to parenthood  -0.17 0.09 -0.15 0.09 -0.14 0.09 -0.13 0.09 
Transition to parenthood * ‘normative’  0.06 0.14 0.06 0.14 0.06 0.14 0.06 0.14 
Years after parenthood 0.01 0.03 0.02 0.03 0.01 0.03 0.01 0.03 
Years after parenthood * ‘normative’ -0.05 0.04 -0.05 0.04 -0.05 0.04 -0.05 0.04 
All models weighted as previously described. ‘Early’ vs ‘normative’ models additionally include dummy variables for ages 15, 16 and 17. Model 1 includes no other time-
varying covariates. Model 2 adds age of youngest child. Model 3 adds partnership status and social support. Model 4 adds household income and neighbourhood advantage. 
Women ‘early’ vs ‘normative N = 3,071; Women ‘normative’ vs ‘late’ N = 2,727; Men ‘early’ vs ‘normative’ N = 2,369; Men ‘Normative’ vs ‘late’ N = 2,017 
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7.5.3 Volume of alcohol consumption 
Turning to models for usual volume of alcohol consumption (table 7.5), we see a now-
familiar set of findings for women in the ‘early’ vs ‘normative’ comparison. In the years 
before becoming a mother, early-age-mothers are increasing the amount of alcohol that they 
consume on a usual drinking occasion by much more than normative-age-mothers (0.28, p < 
0.01). Regardless of timing, there is a large reduction in alcohol use at the time of becoming a 
mother (-0.82, p < 0.001), and no change afterwards. At older ages, alcohol volume declines 
slightly in the years before motherhood (-0.09, p < 0.05), exhibits an immediate decline at the 
time of transition (-0.39, p < 0.01), and remains largely stable in the subsequent years. These 
results are independent of fertility timing, and effectively unchanged by the introduction of 
controls.  
For men too, early-age-fathers are increasing the volume of alcohol they typically consume in 
the lead up to fatherhood, while normative age fathers are decreasing theirs. For both groups, 
there is no significant change at the point of becoming a father. After fatherhood, normative 
age fathers’ alcohol volumes remain stable, while the ‘early’ group decrease slightly. In the 
older (and more advantaged) ‘normative’ vs ‘late’ comparison, there is a slight, uniform with 
respect to fertility timing, reduction in volume of alcohol consumption in the lead up to 
fatherhood, and no other change.  
7.5.4 Financial hardships 
We now consider the potential impacts of first birth timing on trajectories of financial or 
socio-economic wellbeing. Table 7.6 shows results for the first outcome in this sphere, an 
indicator of whether the respondent reported experiencing any of a list of hardships ‘due to a 
lack of money’ in the past 12 months. For women in the ‘early’ vs ‘normative’ comparison, 
the likelihood of experiencing such hardships increases with age prior to the first birth (0.11, 
p < 0.01) and does so at a substantially higher rate for younger first time mothers (0.32, p < 
0.05). However, the results do not suggest any further changes, either at the time of the 
transition to motherhood, or in the years thereafter (the significant negative parameter for 
‘years after parenthood’ balances the positive parameter for age resulting in no significant 
change, and likewise for the interactions with fertility timing). In the older comparison, the 
results for late-age-mothers indicate that the probability of experiencing financial hardships is 
decreasing in the years prior to the first birth (-0.16, p < 0.001), increases at the time of the 
first birth (0.45, p < 0.01), and does not change thereafter. Although the transition effect is 
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Table 7.5: Alcohol consumption volume 
 Model 1 Model 2 Model 3 Model 4 
 Est. SE Est. SE Est. SE Est. SE 
 Women 
 ‘Early’ vs ‘normative’ fertility timing 
Age 0.01 0.03 0.01 0.03 0.02 0.03 0.02 0.03 
Age * ‘early’  0.28** 0.10 0.24* 0.10 0.24* 0.10 0.24* 0.10 
Transition to parenthood  -0.82*** 0.12 -0.94*** 0.13 -0.94*** 0.14 -0.94*** 0.14 
Transition to parenthood * ‘early’  -0.32 0.31 -0.23 0.32 -0.20 0.32 -0.20 0.32 
Years after parenthood -0.01 0.03 -0.01 0.03 -0.03 0.03 -0.02 0.03 
Years after parenthood * ‘early  -0.30** 0.10 -0.25* 0.10 -0.25* 0.10 -0.25* 0.10 
 ‘Normative’ vs ‘late’ fertility timing 
Age -0.09* 0.03 -0.09* 0.03 -0.07* 0.03 -0.07* 0.03 
Age * ‘normative’ first birth 0.03 0.04 0.02 0.04 0.03 0.04 0.02 0.04 
Transition to parenthood  -0.39** 0.12 -0.46*** 0.11 -0.46*** 0.10 -0.46*** 0.10 
Transition to parenthood * ‘normative’  -0.15 0.15 -0.14 0.15 -0.17 0.15 -0.16 0.15 
Years after parenthood 0.13** 0.04 0.13** 0.04 0.11** 0.04 0.11** 0.04 
Years after parenthood * ‘normative’ -0.06 0.05 -0.05 0.04 -0.06 0.04 -0.06 0.04 
 Men 
 ‘Early’ vs ‘normative’ fertility timing 
Age -0.11** 0.04 -0.11** 0.04 -0.10* 0.04 -0.09* 0.04 
Age * ‘early’  0.21** 0.07 0.22** 0.07 0.22** 0.07 0.22** 0.07 
Transition to parenthood  -0.29 0.15 -0.20 0.15 -0.21 0.15 -0.21 0.15 
Transition to parenthood * ‘early’  -0.33 0.28 -0.36 0.28 -0.34 0.28 -0.34 0.28 
Years after parenthood 0.11** 0.04 0.10* 0.04 0.09* 0.04 -0.09* 0.04 
Years after parenthood * ‘early  -0.25** 0.07 -0.26*** 0.07 -0.26*** 0.07 -0.26** 0.07 
 ‘Normative’ vs ‘late’ fertility timing 
Age -0.08*** 0.02 -0.07*** 0.02 -0.05** 0.02 -0.06** 0.02 
Age * ‘normative’ first birth -0.06 0.04 -0.05 0.04 -0.05 0.04 -0.05 0.04 
Transition to parenthood  -0.11 0.09 -0.05 0.09 -0.10 0.09 -0.09 0.09 
Transition to parenthood * ‘normative’  0.07 0.16 0.07 0.16 0.07 0.16 0.07 0.16 
Years after parenthood 0.09** 0.02 0.09** 0.02 0.06* 0.03 0.07* 0.03 
Years after parenthood * ‘normative’ 0.04 0.05 0.03 0.05 0.03 0.05 0.03 0.05 
All models weighted as previously described. ‘Early’ vs ‘normative’ models additionally include dummy variables for ages 15, 16 and 17. Model 1 includes no other time-
varying covariates. Model 2 adds age of youngest child. Model 3 adds partnership status and social support. Model 4 adds household income and neighbourhood advantage. 
Women ‘early’ vs ‘normative N = 3,071; Women ‘normative’ vs ‘late’ N = 2,727; Men ‘early’ vs ‘normative’ N = 2,369; Men ‘Normative’ vs ‘late’ N = 2,017 
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Table 7.6: Financial hardships   
 Model 1 Model 2 Model 3 Model 4 
 Est. SE Est. SE Est. SE Est. SE 
 Women 
 ‘Early’ vs ‘normative’ fertility timing 
Age 0.11** 0.04 0.10* 0.04 0.12** 0.04 0.17*** 0.04 
Age * ‘early’  0.32* 0.14 0.26 0.14 0.24 0.14 0.25 0.14 
Transition to parenthood  -0.16 0.22 -0.33 0.23 -0.27 0.23 -0.34 0.24 
Transition to parenthood * ‘early’  0.20 0.45 0.34 0.47 0.32 0.46 0.35 0.46 
Years after parenthood -0.19*** 0.05 -0.18*** 0.05 -0.20*** 0.05 -0.24*** 0.05 
Years after parenthood * ‘early  -0.31* 0.14 -0.25 0.15 -0.23 0.15 -0.22 0.15 
 ‘Normative’ vs ‘late’ fertility timing 
Age -0.16*** 0.02 -0.17*** 0.02 -0.14*** 0.02 -0.11*** 0.02 
Age * ‘normative’ first birth 0.12* 0.05 0.09* 0.05 0.11* 0.05 0.14* 0.06 
Transition to parenthood  0.45** 0.15 -0.07 0.17 -0.05 0.17 -0.08 0.17 
Transition to parenthood * ‘normative’  -0.46 0.26 -0.40 0.26 -0.45 0.26 -0.50 0.26 
Years after parenthood 0.13*** 0.03 0.11** 0.03 0.06 0.03 0.03 0.03 
Years after parenthood * ‘normative’ -0.17** 0.06 -0.11 0.06 -0.12* 0.06 -0.13* 0.05 
 Men 
 ‘Early’ vs ‘normative’ fertility timing 
Age -0.08* 0.04 -0.08* 0.04 -0.07 0.04 -0.02 0.04 
Age * ‘early’  0.33*** 0.08 0.33*** 0.08 0.31*** 0.08 0.30*** 0.08 
Transition to parenthood  0.15 0.22 0.08 0.23 0.11 0.23 0.07 0.23 
Transition to parenthood * ‘early’  -0.23 0.38 -0.20 0.38 -0.22 0.38 -0.14 0.39 
Years after parenthood -0.01 0.04 -0.00 0.04 -0.02 0.04 -0.06 0.04 
Years after parenthood * ‘early  -0.37*** 0.09 -0.36*** 0.09 -0.34*** 0.09 -0.33*** 0.09 
 ‘Normative’ vs ‘late’ fertility timing 
Age -0.21*** 0.03 -0.21*** 0.03 -0.17*** 0.03 -0.14*** 0.03 
Age * ‘normative’ first birth -0.06 0.06 -0.06 0.06 -0.06 0.06 -0.04 0.06 
Transition to parenthood  0.48* 0.19 0.41* 0.20 0.34 0.21 0.31 0.21 
Transition to parenthood * ‘normative’  0.21 0.29 0.21 0.29 0.21 0.29 0.18 0.30 
Years after parenthood 0.14** 0.05 0.13** 0.05 0.08 0.05 0.05 0.05 
Years after parenthood * ‘normative’ 0.05 0.07 0.06 0.07 0.06 0.07 0.05 0.07 
All models weighted as previously described. ‘Early’ vs ‘normative’ models additionally include dummy variables for ages 15, 16 and 17. Model 1 includes no other time-
varying covariates. Model 2 adds age of youngest child. Model 3 adds partnership status and social support. Model 4 adds household income and neighbourhood advantage. 
Women ‘early’ vs ‘normative N = 3,071; Women ‘normative’ vs ‘late’ N = 2,727; Men ‘early’ vs ‘normative’ N = 2,369; Men ‘Normative’ vs ‘late’ N = 2,017 
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eliminated by the inclusion of age of youngest child (indicating that the increased likelihood 
of hardship is primarily limited to periods when there is a young child in the household), the 
results are otherwise unchanged.  
Results for men are broadly similar. Prior to an early first birth the probability of 
experiencing hardships is increasing substantially, but after the birth there is no difference 
between ‘early’ and ‘normative’ fertility groups. For the ‘normative’ vs ‘late’ comparison the 
probability of hardship declines in the lead up to birth, increases at the time of the birth, and 
flattens out thereafter – none of which is dependent on fertility timing.  
7.5.5 Subjective financial position 
Finally, table 7.7 presents the findings with subjective financial wellbeing as the outcome. 
Perhaps unsurprisingly, the results are very similar to those for financial hardships. Women’s 
(but not men’s) likelihood of reporting that they are ‘just getting by’ or worse increases 
rapidly in the years leading up to an early birth, while there is no change before a ‘normative’ 
first birth. After, the first birth, there is no change. For the older comparison, there is an 
immediate increase in women’s likelihood of poor financial wellbeing at the time of the birth 
(0.59, p < 0.001), but no significant interaction with fertility timing. Among men (for the 
older comparison), there is a slight decrease in the likelihood of poor financial position before 
the first birth. At the time of the birth, late-age-fathers show an increased risk (0.61, p < 
0.01), which is in fact larger for normative-age-fathers (0.46, p < 0.05). However, after the 
birth, normative age fathers’ risk of poor financial position declines faster (-0.13, p < 0.05). 
Adjustment for age of youngest child eliminates both significant interactions with men’s 
fertility timing.  
7.6 Discussion 
In the previous chapter, analysis showed a fertility-timing gap in later life physical health 
among mid-aged men and women that was unexplained by detailed controls for early life 
health, socio-economic status, family situation, and cognitive and non-cognitive skills. 
Building on this finding, this chapter set out to investigate whether age-differentiated 
processes of risk-accumulation in the aftermath of the transition to parenthood could 
represent a plausible pathway for the longer-term effect on health. Based on the analyses 
presented here, the succinct answer to this question is ‘no’. At least as it pertains to the 
specific health-behaviours (alcohol use and physical activity) and experiences of financially-
related hardship considered here, there was no evidence to suggest that the effects of the 
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Table 7.7: Poor subjective financial position   
 Model 1 Model 2 Model 3 Model 4 
 Est. SE Est. SE Est. SE Est. SE 
 Women 
 ‘Early’ vs ‘normative’ fertility timing 
Age 0.04 0.04 0.03 0.04 0.01 0.04 0.11** 0.04 
Age * ‘early’  0.43** 0.14 0.35* 0.14 0.32* 0.14 0.33* 0.14 
Transition to parenthood  0.18 0.20 0.01 0.22 0.07 0.23 0.01 0.23 
Transition to parenthood * ‘early’  -0.34 0.45 -0.18 0.46 -0.11 0.47 -0.12 0.47 
Years after parenthood -0.05 0.04 -0.04 0.04 -0.08 0.04 -0.11* 0.04 
Years after parenthood * ‘early  -0.41** 0.14 -0.34* 0.15 -0.30* 0.15 -0.30* 0.15 
 ‘Normative’ vs ‘late’ fertility timing 
Age -0.01 0.02 -0.03 0.03 0.02 0.03 0.06* 0.03 
Age * ‘normative’ first birth 0.03 0.05 -0.00 0.05 0.02 0.05 0.05 0.05 
Transition to parenthood  0.59*** 0.15 0.07 0.16 0.08 0.17 0.05 0.17 
Transition to parenthood * ‘normative’  -0.32 0.24 -0.31 0.25 -0.36 0.25 -0.42 0.25 
Years after parenthood 0.02 0.03 0.01 0.03 -0.06 0.03 -0.10** 0.03 
Years after parenthood * ‘normative’ -0.03 0.05 0.02 0.05 0.00 0.05 -0.01 0.05 
 Men 
 ‘Early’ vs ‘normative’ fertility timing 
Age 0.01 0.04 0.01 0.04 0.02 0.04 0.07 0.04 
Age * ‘early’  0.14 0.07 0.14 0.07 0.13 0.07 0.12 0.07 
Transition to parenthood  0.26 0.21 0.25 0.21 0.29 0.21 0.25 0.22 
Transition to parenthood * ‘early’  -0.55 0.36 -0.55 0.36 -0.60 0.36 -0.51 0.36 
Years after parenthood 0.01 0.04 0.02 0.04 0.01 0.04 -0.03 0.04 
Years after parenthood * ‘early  -0.18* 0.08 -0.18* 0.08 -0.16* 0.08 -0.14 0.08 
 ‘Normative’ vs ‘late’ fertility timing 
Age -0.07* 0.03 -0.08* 0.03 -0.05 0.03 -0.01 0.03 
Age * ‘normative’ first birth 0.03 0.05 0.10 0.05 0.10 0.05 0.11 0.05 
Transition to parenthood  0.61** 0.18 0.45* 0.19 0.43* 0.19 0.41* 0.19 
Transition to parenthood * ‘normative’  0.46* 0.20 -0.39 0.27 -0.38 0.27 -0.39 0.27 
Years after parenthood 0.11* 0.04 0.12** 0.04 0.08 0.04 0.03 0.05 
Years after parenthood * ‘normative’ -0.13* 0.06 -0.11 0.06 -0.11 0.06 -0.11 0.07 
All models weighted as previously described. ‘Early’ vs ‘normative’ models additionally include dummy variables for ages 15, 16 and 17. Model 1 includes no other time-
varying covariates. Model 2 adds age of youngest child. Model 3 adds partnership status and social support. Model 4 adds household income and neighbourhood advantage. 
Women ‘early’ vs ‘normative N = 3,071; Women ‘normative’ vs ‘late’ N = 2,727; Men ‘early’ vs ‘normative’ N = 2,369; Men ‘Normative’ vs ‘late’ N = 2,017 
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parenthood transition, either at the time of the parenthood transition or in the years thereafter, 
differed in a way that might be detrimental to younger parents’ health.  
Across all the different models presented, the only robust difference in post-parenthood 
patterns of change between fertility timing groups – in frequency of physical activity – in fact 
favoured younger ‘normative’ age mothers in comparison to older mothers. For ‘late’ first 
time mothers’ physical activity decreased substantially at the time of the first birth and did 
not recover, whereas for ‘normative’ and ‘early’ first time mothers there was no change in the 
amount of physical activity over the parenthood transition. This finding may reflect the 
increasing responsibilities at work and home that often characterize the life-stage when ‘late’ 
first time mothers are giving birth, in conjunction with diminished levels of energy to pursue 
physical activity.  
Although there are no post-parenthood changes in physical activity, alcohol consumption, or 
financial difficulties that could plausibly contribute to a long-term positive health effect of 
fertility postponement, this does not imply that histories of risk accumulation on these factors 
have no role to play in understanding why those who postpone fertility are healthier in later 
life. Indeed, there is a quite consistent pattern of change before becoming a parent that may 
contribute to understanding the effect of AFB on health. For both men and women, ‘early’ 
parents’ frequency of alcohol use, volume of alcohol consumed on a typical drinking 
occasion, and probability of experiencing financial hardship increases rapidly in the pre-
parenthood years, suggesting that early parenthood is symptomatic of a broadly ‘disordered’ 
transition to adulthood. As there is no compensating reduction in these harmful circumstances 
after parenthood, the models suggest that ‘early’ parents will continue to experience a 
comparatively health-poor environment in these ways. This does not suggest however, that 
persistent differences in the level of alcohol consumption or financial hardship are caused by 
early parenthood.  
One implication of the finding that ‘early’ parents’ trajectories are different even before 
becoming parents is that there is likely unobserved heterogeneity driving these differences, 
and this presents a potential threat to the validity of the results – ideally, the balancing 
process would produce a comparison in which both ‘early’ and ‘normative’ age parents 
follow otherwise identical trajectories until the point of becoming a parent. The failure to 
achieve this in the present case is partially a function of the richness of the set of time-
invariant pre-parenthood characteristics observed in the data – HILDA offers a set of 
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background measures that is typical of household panel studies, but there are obviously 
important gaps. Other datasets more specifically focussed on the transition to adulthood, that 
are able to balance factors such as adolescent mental health, quality of relationships with 
family and peers, and risky sexual behaviours may perform better in this regard. However, it 
is also true that there is likely to be considerable dynamic selection into parenthood – future 
research should aim to address this issue, for instance with the application of marginal 
structural models (Robins, Hernan & Brumback 2000) which extend the IPTW approach to 
longitudinal settings.  
The dependent variables analysed in this chapter, clearly, do not represent an exhaustive set 
of possible pathways for an effect of fertility timing on health. Consequently, it is important 
to stress that the findings do not rule out the possibility that there is a causal effect of fertility 
timing on health. The results do, however, suggest that if there is an effect of fertility timing 
on health, it is likely not transmitted through alcohol use, physical activity, or financial 
hardship. Alternative pathways that may mediate between fertility timing and health include 
stress (Pickett & Wilkinson 2015), experience of stigma (Hatzenbuehler, Phelan & Link 
2013), health services utilization, or other aspects of younger parents’ labour market 
experience that are not strictly financial, such as exposure to insecure work, non-standard 
hours, or otherwise poor job conditions.  
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Chapter 8: Conclusion 
8.1 Introduction 
This thesis began by noting the increasing complexity and diversity in patterns of family 
formation, characteristic of the ‘second demographic transition’ (Sobotka 2008; van de Kaa 
1987), and argued that these changes have rendered static approaches that are increasingly 
insufficient to understand the relationships between the dynamic processes of family and 
health. Life course theory, which highlights the accumulation of biological risk, social 
processes of cumulative advantage, timing of role transitions, and interdependency of 
multiple work and family roles, was suggested as a promising alternative. Motivated by these 
insights, the thesis pursued two primary empirical foci. The first of these, presented in 
chapter 4, addressed the relationships between holistic family life course trajectories from 
early- to mid-adulthood, and physical health in later life. Multi-channel sequence analysis 
was used to construct family life course groups, incorporating information on timing and 
occurrence of role transitions, number of children, and marital context of parenting. Growth 
models were then estimated to investigate relationships between family life course trajectory 
and later life trajectories of general physical health, adjusting for childhood health and socio-
economic status. The next three chapters of the thesis (chapters 5-7) addressed the well-
established positive association between age at entry to parenthood and later health status. 
Consistent with life course theory, processes contributing to the relationship between fertility 
timing and health were investigated across three life stages. First, pre-parenthood (selection 
into different fertility timings on the basis of early life circumstances). Second, the years 
surrounding the parenthood transition (potential mechanisms for an effect of fertility timing 
on health, including alcohol use, physical activity, and socio-economic hardship). And third, 
in mid-life (estimating the overall effect of fertility timing). A mix of methods including 
descriptive statistics, multinomial logistic regression, growth models, fixed-effects models, 
and inverse probability of treatment weighting were used to conduct the analysis. The next 
section of this chapter gives an overview of key results from the analysis, divided by chapter, 
before broader implications of the work are discussed. The thesis concludes with some 
limitations and directions for future research.  
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8.2 Summary of key findings 
8.2.1 Family life course trajectories and physical health  
In agreement with a small but growing group of studies (Kravdal et al. 2012; Lacey et al. 
2015; McMunn et al. 2016; Sabbath et al. 2015), the analysis indicated that holistic family 
life course trajectories are associated with long term health outcomes. In the first stage of data 
analysis multi-channel sequence analysis (Gauthier et al 2010) revealed fourteen family life 
course groups, derived from marital and fertility histories spanning ages 18-50. Family life 
course trajectory groups distinguished between variants of normatively ‘standard’ family 
formation (on the basis of timing and number of children), no family formation, marriage 
without children, and several types of ‘disrupted marital history’. In the second stage of the 
analysis, growth models (Bollen & Curran 2006) were used to assess the form of the 
relationship between the family life course and later life health trajectories. Results from the 
modelling indicated that gaps between family life course groups in later life health were 
stable over time, but differed between men and women.  
For women, there was only very limited evidence that the family life course was related to 
later life health outcomes. Compared to the ‘standard – moderate fertility’ reference group 
(who experienced a single uninterrupted marriage from around the mid-late 20s, with 2-3 
children) the only significant difference in health status was for women in the ‘disrupted 
marital history – high fertility’ group, whose health was significantly poorer.  
It is worth noting an apparent discrepancy between the results from the analysis in chapter 4, 
and those presented in chapter 6 (discussed in greater detail below): namely, although the 
analysis in chapter 6 shows a positive effect of first birth timing on later life health, there are 
no differences between the various ‘standard’ family life course groups on the basis of 
timing. There are a number of possible reasons for this. First, the analysis of potential 
moderators in chapter 6 found a significantly stronger effect of fertility timing for women 
who had never married by age 40 than among those who had a single uninterrupted marriage. 
As the ‘standard’ family life course groups from chapter 4 are effectively conditional on 
subsequent continuous marriage, this may partially account for the difference. Second, 
chapter 4 used an older analytic sample. This may affect the results both because the 
disadvantage associated with early parenthood has increased over time (Bradbury 2006), and 
because mortality bias may exert a greater effect at these ages.  
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Results among men showed more widespread differences. Within the ‘standard’ family life 
course groups, men who had higher (4-5) numbers of children or started family formation at a 
younger age were in poorer health than those in the ‘standard – moderate fertility’ group. 
Membership of the ‘no family formation’ group, an early marital disruption, remarriage with 
children present from the first marriage, and a disrupted marital history paired with high 
fertility were all associated with worse physical health among men.  
As mentioned in chapter 4, a parsimonious explanation of the pattern for men is that, 
conditional on normative-aged entry to marriage, longer marriage duration acts to protect 
men’s health. This conjecture confirms a great deal of broader literature (e.g. Brockman & 
Klein 2004; Dupre, Beck & Meadows 2009; Dupre & Meadows 2007; Lund, Holstein & 
Osler 2004; McFarland, Hayward & Brown 2013), and is consistent with many of the results, 
including poorer health among the ‘no family formation’ group, the ‘early divorce with 
children’ group, and the ‘disrupted marital history, high fertility’ group. It is also consistent 
with the lack of any significant effects for the ‘marriage without children’, ‘late divorce 
without children’, and ‘remarriage – no children from 1st marriage’ groups. There are 
however several results that do not appear to be explicable as a function of only timing of 
family formation and marital duration. For instance, the ‘standard – high fertility’ group has 
poorer health than the ‘standard – moderate fertility’ group, despite marrying at a similar age 
and experiencing similar average marriage duration, suggesting an additional (albeit slight) 
penalty for high parity in this group. Previous research on the relationship between parity and 
men’s health is often inconsistent (Grundy & Kravdal 2008, 2010; Keizer, Dykstra & van 
Lenthe 2012), and it would therefore be prudent for further analyses to confirm this result. 
Similarly, men in the ‘remarriage – children from 1st marriage’ group experienced 
significantly poorer health, while their peers who did not have (or were unwilling to report) 
any children from the first marriage, did not. As these groups make up only a small fragment 
of the sample, and the confidence intervals for the estimates are therefore wide, it is 
important to exercise some caution with respect to this finding. Again, future research could 
attempt to specifically address the importance of children from previous marriages for men’s 
later health. If confirmed, the effect may reflect childless mens’ greater ability to make a 
‘clean break’ from their previous relationship, while the health of men with children may be 
negatively affected by an ongoing, potentially strained relationship with their former partners.  
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8.2.2 Selection into fertility timing  
It is often argued that disadvantaged childhood circumstances increase the likelihood of 
experiencing an early transition to parenthood, with potential mechanisms including reduced 
labour market potential and differential norms and socialization (Bradbury 2006; Mills et al 
2011). Empirical research has offered consistent support for the basic proposition that 
disadvantaged groups are more likely to become parents at a young age (e.g. Raymo et al 
2015). In preparation for later analysis addressing potential health effects of fertility timing, 
chapter 4 sought to describe the associations between indicators of childhood disadvantage 
and fertility timing. In addition to measures of family status, socio-economic status, and 
demographics, the analysis also investigated several other potential confounders to the 
relationship between fertility timing and later life health, including childhood health, age at 
school leaving, and cognitive and non-cognitive skills.  
Multinomial logistic regression was used to model the relationships between these factors and 
a categorical measure of fertility timing. Although there was some variation for different 
indicators and different comparisons, the results clearly supported the importance of family 
background for fertility timing, with some suggestion that the effects were larger in 
magnitude for women than for men. Broadly, effects were also stronger for the comparison 
between ‘early’ and ‘on time’ parenthood, suggesting that background factors are most 
salient in early adulthood. Several indicators of better socio-economic circumstances in 
childhood, including higher parent occupational status and (to a lesser degree) high education 
were linked to older parenthood transitions in the sample. Family status in childhood was also 
strongly predictive of fertility timing, especially comparing ‘early’ to ‘on time’ parenthood. 
Not living with both biological parents, being born to a mother aged less than 21, and having 
four or more siblings were associated with increased likelihood of early parenthood. 
Demographics also played a part in shaping fertility timing, with more recent cohorts entering 
parenthood at older ages, and ATSI women becoming parents at substantially younger ages.  
Early school leaving was consistently associated with earlier entry to parenthood, with 
particularly large effects among women. The analysis also found some evidence of ‘health 
selection’, with women who reported a long-term health condition with onset prior to age 15 
more likely to experience an early first birth. It is important to note that only a small 
percentage of the sample experienced such a condition, and the effect size was moderate 
compared to some other factors. Nonetheless, this finding indicates that there is at least some 
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potential for health-selection to confound the relationship between age at first birth and 
health.  
Non-cognitive skills – which included in this case the ‘big five’ personality dimensions and 
locus of control (McCrae & John 1992; Rotter 1966) – showed remarkably little association 
with fertility timing. In fact the only significant parameter estimates were slight reductions in 
the likelihood of experiencing a ‘late’ first birth for women scoring higher on ‘emotional 
stability’ or with more external locus of control. No significant effects were found for men or 
for women in the ‘early’ vs ‘on time’ comparison. There were however very strong effects of 
personality on the probability of not having a child (in particular for women). These results 
indicate that non-cognitive skills (at least those assessed here) are likely important in 
determining selection into parenthood overall, but are largely unimportant in determining 
timing of parenthood. Results for cognitive skills indicated that better word-pronunciation 
scores were associated with later entry to parenthood.  
Overall, the results indicated that there is considerable potential for confounding of the 
relationship between age at first birth and physical health. The strongest effects on birth 
timing were for childhood family and socio-economic circumstances, school leaving age, and 
(for women) indigenous status. There was also some evidence that cognitive ability and (for 
women) presence of a long-term health condition in childhood were linked to fertility timing. 
The results were broadly consistent with the proposition that prospective parents select into 
particular fertility timings on the basis of their labour market prospects (Blackburn, Bloom & 
Neumark 1993; Miller 2011), as many of the factors associated with later birth timings are 
also likely to be predictive of wage and employment outcomes.  
8.2.3 Long-term effects of age at first birth on later life health  
Analysis in chapter 6 sought to investigate potential long-term effects of age at first birth on 
later life health. Previous international research has consistently found that older entry to 
parenthood is associated with better health on multiple indicators in mid- to later-life 
(Mirowsky 2002, 2005; Read, Grundy & Wolf 2011), however this relationship had not 
previously been tested in the Australian context. In addition to describing the primary effect 
in a new national context, the work also offered several other contributions to the literature, 
including assessing whether fertility timing also contributes to faster deterioration in health 
status among younger parents, accounting for a broader set of potential confounders 
including cognitive and non-cognitive skills, and exploring potential mediators and 
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moderators. As in chapter 6, growth models were used to account for clustering of repeated 
observations within individuals and allow analysis of trajectories of change.  
The key finding was that older age at first birth was linked to substantial improvements in 
later life physical health. Adjusting only for birth cohort, there were large positive effects of 
age at first birth. The relationship was non-linear (with smaller benefits of an additional year 
of postponement at older ages), however, if the effect is assessed at the sample-mean age at 
first birth then postponing parenthood for an additional year yields better health by a margin 
equivalent to one year of ageing for men, and more than one year of ageing for women. 
Subsequent models, which controlled for a comprehensive set of background skills, health, 
family situation, demographics, and socio-economic position, reduced the size of the effect 
by roughly half.  
A further contribution of the analysis was to test the idea that a mis-timed first birth may 
produce ‘cumulative disadvantage’ in health. A number of previous discussions of first birth 
timing suggest that the primary mechanism for an effect on health is through diminished 
socio-economic standing (e.g. Mirowsky (2002; 2005)), and existing research demonstrates 
that poor socio-economic position increases the rate of decline in health (Ross & Wu 1996). 
Very little previous research has investigated this possibility, although the sole paper to have 
done so confirmed this supposition, with younger parents’ health found to deteriorate at a 
faster rate (Read, Grundy & Wolf 2011). The present analysis showed that women, but not 
men, who became parents at a younger age experienced a faster decline in physical health. 
However, after further adjustment for background factors, this effect of age at first birth on 
the rate of change in health was no longer significant. These results therefore confirm that 
younger mothers’ health deteriorates faster, but cast doubt on whether this fact is a 
consequence of early motherhood per se.  
Analysis of mediators and moderators showed generally only minimal results. Inclusion of 
several indicators of socio-economic status in midlife (household income, neighbourhood 
disadvantage, housing status, and financial hardship) explained part of the total effect of age 
at first birth for both men and women. Otherwise, mid-life fertility history, health behaviours, 
and social relationships did not change the estimated effect of fertility timing. For 
moderators, the analysis found that the strength of the relationship between age at first birth 
and later life health did not depend upon education, birth cohort, childhood disadvantage, or 
parity. Among women, those who did not marry prior to age 40 exhibited a stronger 
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relationship between age at first birth and health than those who were continuously married. 
These results indicate that the magnitude of the effect of age at first birth is largely consistent 
over most segments of the population.  
8.2.4 Mechanisms for the effect of age at first birth on later life health 
The final empirical chapter addressed several possible mechanisms for a health effect of 
fertility timing, by examining changes in health behaviours and experiences of financial 
hardship in the years surrounding the parenthood transition. The primary finding of the 
analysis was that physical activity, alcohol consumption, and experiences of financial 
hardship in the years after parenthood are unlikely to be part of a causal pathway from early 
fertility timing to later physical health. The rationale for this conclusion was that, although 
younger parents experienced changes in alcohol consumption and financial hardship that 
could be harmful, these changes occurred prior to parenthood. Changes in these factors at the 
time of the parenthood transition and in the following years did not differ depending on age 
of entry into parenthood.  
Alternative mechanisms for an effect of early fertility timing, that were unable to be directly 
addressed in the thesis, include the pernicious effects of chronic stress (Pickett & Wilkinson 
2015; Wilkinson & Pickett 2010) and, relatedly, stigmatization of younger parents (e.g. 
McArthur & Winkworth 2017; Whitley & Kirmayer 2008). As discussed in chapter 2, 
chronic stress is thought to have far reaching consequences for individuals’ health, which 
may operate through reduced immune responses, blood pressure, or depression (Pickett & 
Wilkinson 2015). Stress is a likely consequence of stigmatization experienced by many 
younger mothers, along with withdrawal from potentially helpful services or social isolation 
(McArthur & Winkworth 2017; Whitley & Kirmayer 2008). Future research should attempt 
to address these issues in greater detail. Further, it is important that researchers working in 
this area are careful with the language that they use to describe their findings, in order to 
avoid contributing to further stigmatization of younger parents.  
8.3 Implications  
8.3.1 Gender inequality 
The analysis of family life course trajectories has important implications for gender 
inequalities in families. Our ideal of marriage envisages a mutually supportive and caring 
relationship, in which both parties benefit from pooling of resources and the emotional 
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support of the other. Although the analysis did not find any evidence that marriage is actively 
harmful to women – as suggested by Bernard (1976) – it does show that marriage, for the 
older cohorts of Australians studied here – is an unequal bargain. Men’s health clearly 
benefits from enduring marriage, likely due to their partners’ care. This observation is 
unproblematic in isolation (improving men’s health is clearly a desirable outcome), but it is 
troubling that women receive no comparable dividend.  
Conservative opinion often frames the ‘retreat from marriage’ as a social problem (e.g. Waite 
& Gallagher). The family (particularly that vision of the family typified by the ‘male 
breadwinner’ model) is seen in this worldview as the foundation of society, responsible for 
the integration of its members into social life, the rearing of healthy and productive children, 
and the perpetuation of ‘traditional’ social values. Indeed, there are clear ‘goods’ associated 
with stable and loving partnerships, including the wellbeing of children (e.g. McLanahan 
2004). However, if marriage is to remain an important social institution, it seems that the 
unequal gendered nature of the marital relationship must change. If, as reported here and 
elsewhere, women lack any health incentive for marriage and enjoy increasingly bright 
prospects in the labour force, then it is likely that marriage will continue to decline as an 
institution. Although previous research demonstrates that progress has been made in this 
regard, large gender differences persist in, for example, domestic labour, and marriage often 
exacerbates these gaps (Gupta 1999). Ongoing efforts to reshape cultural expectations about 
marriage, and how men and women should behave in it, in a more egalitarian direction are 
therefore essential.  
8.3.2 Life course theory 
One of the arguments of the thesis was that family roles and events may contribute to broader 
processes of ‘cumulative advantage’ in social resources (DiPrete & Eirich 2006; O’Rand 
2002), and – due to role-performance demands on one hand and control over resources on the 
other, to parallel biological processes of ‘accumulation of risk’ (Kuh et al 2003). The analysis 
presented in this thesis did not find evidence that either family life course trajectories 
broadly, or first birth timing specifically, contribute to ‘path-dependent’ (DiPrete & Eirich 
2006) cumulative advantage processes. This is because ‘path-dependent’ cumulative 
advantage would be expected to produce ongoing divergence in health trajectories due to 
expanded control over resources, whereas the analysis found that health gaps between family 
life course groups, and for different fertility timings, were stable over time. The findings 
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therefore suggest that, in the Australian context, health effects of family roles are likely to 
reflect acute factors, linked to long-term health through the accumulation of risk process, 
rather than creating the conditions for advantaged persons to further leverage their position 
over time.  
8.3.3 Policy 
The finding that older first birth timing is protective for health, even after accounting for pre-
parenthood health and cognitive and non-cognitive skills, adds to a growing body of 
international work that has reached similar conclusions. In the Australian context, it is 
noteworthy that Aitken et al’s (2016) research finds that older entry to motherhood also 
increases mental wellbeing. Collectively, these results suggest that policies which either 
encourage disadvantaged young adults to postpone parenthood, or mitigate the negative 
consequences of a poorly timed first birth, may produce long-term benefits for population 
health, both physical and mental.  
As discussed previously, the primary mechanism that has been posited to account for the fact 
that disadvantaged children are more likely to go on to become younger parents is poor 
labour market prospects. Young men and women from disadvantaged backgrounds face a 
comparatively poorer outlook with respect to employment and earnings, and therefore a 
lesser opportunity cost to parenthood (Miller 2011; Raymo et al 2015). Therefore, 
interventions that aim to enhance skills, education, and earnings potential among 
disadvantaged youth are likely to lead to delayed parenthood and improved population health 
outcomes. Providing education about, and straightforward access to, contraception is also 
important in allowing young people to choose a fertility timing that is suitable in the context 
of their lives. It is important to stress that policy, and the public discourse of policy makers 
and politicians, should not seek to achieve this goal by shaming younger parents – stigma 
represents a significant negative determinant of health (Hatzenbuehler, Phelan & Link 2013), 
and further stigmatizing young parents (particularly mothers) will almost certainly prove 
counterproductive.  
8.3.4 Data resources 
In the Australian context, the analyses presented here likely represent the best possible given 
the available data. However, there are several options available to funders and data collectors 
that could allow more definite conclusions regarding the health effects of the family life 
course, along with many other important research questions. Of chief importance, more 
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widespread digitization, harmonization, and linking of administrative data would potentially 
enable research designs (such as the sibling- or twin-fixed effects approaches discussed in 
chapter 6) that would provide an important complement to analyses of ongoing survey-based 
data collections such as HILDA. Linkage of administrative data to household panel studies 
also provides an exciting avenue, as doing so would potentially obviate the need to collect 
many survey data items that already exist as part of administrative data collections (saving 
cost and respondent burden), extend the temporal scope of the study by incorporating 
retrospective administrative data, and allow the analysis of a wider range of outcomes.  
8.4 Limitations and directions for future research  
There were a number of limitations that the thesis was unable to address, which future 
research may seek to remedy. With respect to the sequence analysis presented in chapter 4, it 
is regrettable that due to data limitations, it was not possible to incorporate information on 
respondents’ work histories as has been done in several papers using a similar 
methodological approach (Lacey et al. 2016; McMunn et al. 2015; Sabbath et al. 2015). 
These studies show that life course trajectories that pair persistent labour force attachment 
with early family formation are linked to poorer outcomes on several indicators of health 
status, including markers of inflammation and metabolic health (compared to those who had 
high labour force attachment and ‘on time’ family formation). It would therefore be ideal to 
consider labour force engagement simultaneously, as early-family transitions paired with 
weaker labour force attachment (with the exception of teenage parenthood) were generally 
not found to be detrimental (Lacey et al; McMunn et al. 2015). The advantage to the 
approach that was taken in this thesis is that, because the sequence analysis only considered 
family formation and not work history, it was possible to use a more detailed set of family 
life course groups. Most notably, the ‘normative’ family life course trajectory groups were 
able to be differentiated by parity (whereas previous work of this type has coded only 
presence/absence of children), and disrupted marital history groups were similarly divided by 
divorce timing and the occurrence of remarriage. This is potentially important, as the 
differences (for men) in the effects of ‘early’ and ‘late’ marital disruption groups illustrates.  
Second, an important issue for the analyses of mid- to later-life is potential mortality bias. 
Because data collection only commences in 2001 with a cross-section of the resident 
population, some fraction of otherwise in-scope persons will have died prior to the study 
period, and it is not possible with the information at hand to determine how this group differs 
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from the analysis sample. This is particularly an issue for the analysis presented in chapter 4, 
which used a minimum age criteria of 51 and data from the full older age-range of 
participants. The analysis presented in chapters 5 and 6 (which used data for ages 41-70) is 
likely less affected due to lower mortality up to these ages, but there is still the potential for 
bias. While it is not possible to definitively ascertain the strength or direction of any biases 
here, we can speculate that differential mortality may tend to bias effects towards zero due to 
particularly fragile members of disadvantaged groups being selected out prior to the study. 
Relatedly, mortality (and attrition) during the course of the study could create some biases in 
the estimates, that have not been addressed in the analyses here. Future work could attempt to 
address these issues by, for instance, joint modelling of mortality/attrition and health 
trajectories, or non-response weighting strategies.  
Third, the analysis of health status has included only a single measure – the physical health 
component of the SF-36. Note that, relative to many other studies that use much cruder 
measures of health, this is in fact a significant advantage of the present work, as the SF-36 is 
a widely validated and sensitive measure of health status (Ware, Kosinski & Gandek 2000). 
Nonetheless, it may prove informative to consider alternative outcomes, such as mortality, 
prevalence and incidence of chronic disease, and mental health and. As the putative social 
mechanisms – access to resources or social control of harmful behaviour – are quite general, 
it would be reasonable to expect that a similarly consistent set of associations would pertain. 
If this expectation was violated (or upheld) for different outcomes, the results may assist in 
illuminating what mechanisms are at play. Of course, mortality, chronic disease, and mental 
health are all important outcomes in their own right.  
Fourth, although the analysis presented in chapter 6 suggests a positive effect of age at first 
birth on later life physical health, attempts to identify plausible mechanisms for this effect 
were unsuccessful. As noted previously, this does not rule out the possibility of a causal 
effect of first birth timing, but it does mean that conclusions regarding causality must remain 
uncertain, and description of the processes leading to such an effect incomplete. Both these 
issues could be usefully addressed in future research. With respect to the question of whether 
there is a causal effect, studies using alternative identification strategies (for instance the 
miscarriage or contraception-based instrumental variables used by Miller (2011)) could 
attempt to corroborate the effects reported here. Within the broad family of ‘adjustment for 
observables’ designs, long-running cohort studies that observe a broader range of childhood 
and adolescent behaviour (e.g. adolescent mental health or academic performance) would 
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likely provide better purchase on the key effect. Alternative mechanisms that should be 
investigated include stigma (Hatzenbuehler, Phelan & Link 2013), housing or neighbourhood 
disadvantage (Ermisch & Pevalin 2004), or subsequent partnership histories (Ermisch & 
Pevalin 2005).  
Fifth, related to the previous point, a principle of the life course approach that has been 
insufficiently addressed in the current work is the notion of ‘linked lives’, which recognizes 
the interdependencies between related actors (Moen & Hernandez 2009). With respect to the 
family life course, it would be particularly helpful to include partner characteristics and 
behaviour in the modelling process. This avenue of inquiry was hampered by the 
retrospective nature of many of the key measures, and the attendant fact that partner 
information is only available for the selected group who are still with their partners during the 
study period. Analyses of concurrent changes, as in chapter 7, could however be 
supplemented with such information in future work.  
Sixth, although previous studies offer support for the validity and reliability of retrospective 
measures (Havari & Mazzonna 2015; Garrouste & Paccagnella 2010), it is nonetheless likely 
that direct observations of childhood circumstances would work better in controlling for 
background disadvantage. This point is true also for the measures of fertility and marital 
histories that represent the main independent variables in the analysis. Of perhaps greatest 
import however, is the use of cognitive ability measures in adulthood to proxy for cognitive 
ability in childhood. While this is a common empirical strategy, and unavoidable given the 
structure of the data at hand, it is probable that doing so introduces some bias into the 
analysis, and future work should therefore investigate the issue using data where cognitive 
ability and other childhood circumstances are observed directly.  
8.5 Final word 
This thesis has demonstrated the power of life course theory and longitudinal data and 
methods to understand the connections between family life course trajectories and health 
outcomes. It provides important new evidence that pathways early in life have consequential 
long-term outcomes for health and wellbeing, and importantly, shows that these associations 
differ for men and women in unexpected ways. It provides some insights into the 
mechanisms and levers that drive these associations. However, as noted above, more work is 
needed to fully explicate these drivers and to understand how they are shaped by local and 
national contexts. Comparisons across countries for example could start to explain how 
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institutional frameworks shape these relationships and what policy settings provide that 
increase or ameliorate the risks associated with different pathways. These questions are 
beyond the scope of the current work. Nevertheless, this thesis provides an important 
foundation on which to build future evidence to further our understanding of life course 
trajectories and long-term health outcomes. 
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